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oreword 


Evidence  has  been  mounting  that  something  is  missing  from 
secondary  science  teaching.  More  and  more,  students  are 
rejecting  science  courses  and  turning  to  subjects  that  they  consider  to 
be  more  practical  or  significant.  Numerous  high  school  science 
teachers  have  concluded  that  what  they  are  now  teaching  is  appro¬ 
priate  for  only  a  limited  number  of  their  students. 

As  their  concern  has  mounted,  many  science  teachers  have  tried  to 
find  instructional  materials  that  encompass  more  appropriate  content 
and  that  allow  them  to  work  individually  with  students  who  have  dif¬ 
ferent  needs  and  talents.  For  the  most  part,  this  search  has  been 
frustrating  because  presently  such  materials  are  difficult,  if  not  impos¬ 
sible,  to  find. 

The  Individualized  Science  Instructional  System  (ISIS)  project  was 
organized  to  produce  an  alternative  for  those  teachers  who  are  dis¬ 
satisfied  with  current  secondary  science  textbooks.  Consequently,  the 
content  of  the  ISIS  materials  is  unconventional  as  is  the  ividualized 
teaching  method  that  is  built  into  them.  In  contrast  with  many  current 
science  texts  which  aim  to  “cover  science,’’  ISIS  has  tried  to  be 
selective  and  to  limit  our  coverage  to  the  topics  that  we  judge  will  be 
most  useful  to  today’s  students. 

Obviously  the  needs  and  problems  of  individual  schools  and  stu¬ 
dents  vary  widely.  To  accommodate  the  differences,  ISIS  decided 
against  producing  tightly  structured,  pre-sequenced  textbooks.  In¬ 
stead,  we  are  generating  short,  self-contained  modules  that  cover  a 
wide  range  of  topics.  The  modules  can  be  clustered  into  many  types  of 
courses,  and  we  hope  that  teachers  and  administrators  will  utilize  this 
flexibility  to  tailor-make  curricula  that  are  responsive  to  local  needs  and 
conditions. 

ISIS  is  a  cooperative  effort  involving  many  individuals  and  agencies. 
More  than  75  scientists  and  educators  have  helped  to  generate  the 
materials,  and  hundreds  of  teachers  and  thousands  of  students  have 
been  involved  in  the  project’s  nationwide  testing  program.  All  of  the 
ISIS  endeavors  have  been  supported  by  generous  grants  from  the 
National  Science  Foundation.  We  hope  that  ISIS  users  will  conclude 
that  these  large  investments  of  time,  money,  and  effort  have  been 
worthwhile. 


Ernest  Burkman 

ISIS  Project  Tallahassee,  Florida 
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What's  it  All  About? 


A  good  fire  warms  homes  and  cooks  food.  A  bad  fire  de¬ 
stroys  forests,  kills  people,  and  burns  up  valuable  property. 
In  both  good  and  bad  fires,  the  things  that  burn  change  to 
something  entirely  different.  They  never  can  be  restored 
exactly  to  their  original  condition. 

Knowing  how  a  fire  occurs  is  the  first  step  toward  prevent¬ 
ing  a  fire.  Nevertheless,  accidents  happen.  If  a  fire  broke  out, 
would  you  know  how  to  control  it?  Would  you  know  how  to 
avoid  injury? 

This  minicourse  is  all  about  fires  —  what  causes  them,  how 
to  use  them  properly,  how  to  put  them  out  or  prevent  them, 
and  how  to  reduce  their  damaging  effects.  Do  the  minicourse 
now.  Tomorrow,  it  may  save  your  life. 
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Activity  1 

^Lcore 

Planning 


Activity  2  Page  6 


If  you  have  not  already  signed  a  safety 
contract,  do  so  now.  There  should  be 
a  copy  somewhere  in  the  classroom. 
If  not,  ask  your  teacher  for  one. 
Read  the  contract  carefully.  Sign  it 
after  you  fully  understand  each  item. 
Then  give  the  signed  safety  contract  to 
your  teacher  and  continue  with  this 
planning  activity. 

Any  activities  you  need  to  do  may  be 
done  in  any  order.  Notice  that  Acti 
10  is  a  required  activity.  Be  sure 
do  it. 


Objective  2-1 :  Describe  the  results 
of  Lavoisier’s  experiments  on 
burning  and  their  effect  on  the  ac¬ 
ceptance  of  the  phlogiston  theory 
of  burning. 

Sample  Question:  What  was  shown 
by  Lavoisier’s  experiments? 

a.  Substances  lose  weight  when  they 
burn. 

b.  Substances  containing  phlogiston 
will  not  burn. 

c.  Substances  combine  with  oxygen 
when  they  burn. 

d.  Phlogiston  has  no  weight. 

Objective  2-2:  Explain  how  the  law 
of  conservation  of  mass  applies  to 
burning. 

Sample  Question:  How  is  mass  con¬ 
served  in  a  burning  reaction? 

a.  All  substances  in  the  burning  reac¬ 
tion  gain  weight. 

b.  All  substances  in  the  burning  reac¬ 
tion  lose  weight. 

c.  The  mass  of  the  substances  pro¬ 
duced  by  burning  is  equal  to  the 
mass  of  the  substances  before 
burning. 

d.  The  mass  of  the  substances  pro¬ 
duced  by  burning  is  less  than  the 
mass  of  the  substances  before 
burning. 
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Objective  3-1:  Describe  what  is 
meant  by  combustible,  noncom¬ 
bustible,  and  flammable  and  rec¬ 
ognize  examples  of  each. 

Sample  Question:  Match  each  sub¬ 
stance  with  its  burning  characteristic. 

Substance 

a.  kerosene 

b.  concrete  block 

c.  fire-resistant  fabric 

Characteristic 

1.  combustible  but  not  flammable 

2.  flammable 

3.  noncombustible 
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Objective  4-1:  Describe  the  three 
conditions  that  must  be  present  for 
a  fire  to  occur. 


,, Sample  Question:  What  three  things 
J  must  exist  at  the  same  time  to  produce 
a  fire? 
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Objective  5-1 :  Describe  what  burn¬ 
ing  is  in  terms  of  atoms  and  how  the 
atoms  are  affected  during  burning. 

Sample  Question:  What  happens  to 
the  atoms  of  a  substance  when  it 
burns? 

a.  Oxygen  atoms  are  released  from 
the  burning  substance,  thus  pro¬ 
ducing  oxygen  gas. 

b.  Oxygen  atoms  from  the  air  com¬ 
bine  with  atoms  in  the  burning 
substance. 

c.  Atoms  within  the  burning  sub¬ 
stance  combine  with  each  other. 

d.  Oxygen  atoms  in  the  substance  are 
destroyed  by  the  heat  of  the  fire. 
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Objective  6-1:  Describe  three  gen¬ 
eral  ways  to  control  or  put  out  a  fire, 
and  identify  an  example  of  each 
way. 

Sample  Question:  What  must  you  re¬ 
move  to  put  out  a  fire? 

a.  the  oxygen 

b.  the  fuel 

c.  enough  heat  so  the  temperature  of 
the  fuel  falls  below  its  ignition  point 

d.  either  a,  b,  or  c 

Objective  6-2:  Identify  the  proper 
kind  of  fire  extinguisher  for  putting 
out  different  kinds  of  fires. 

Sample  Question:  Match  the  kind  of 
fire  with  the  type  of  fire  extinguisher 
that  should  be  used  to  put  out  the  fire. 

Fire  Extinguisher 

a.  water 

b.  dry  chemical 

c.  foam 

Kind  of  Fire 

1 .  burning  wood,  paper,  or  cloth 

2.  burning  gasoline 

3.  electrical  fire 

4.  burning 
grease 


Answers 

2-1.  c  2-2.  c  3-1.  a-2,  b-3,  c-1 
4-1.  oxygen,  fuel,  temperature  high 
enough  to  ignite  fuel  5-1.  b  6-1.  d 
6-2.  a-1 ;  b-2,  3,  4;  c-2,  4 


Objective  7-1:  Describe  ways  that 
fire  can  be  the  direct  or  indirect 
cause  of  injury  or  death,  and  tell 
how  to  reduce  the  chance  of  injury 
and  death  in  a  fire. 

Sample  Question:  Each  of  the  follow¬ 
ing  can  result  from  fire.  Which  one(s) 
should  be  regarded  as  a  direct  result 
of  a  fire? 

a.  heart  attack 

b.  lung  disease 

c.  shock  and  panic 

d.  suffocation 

e.  injury  from  falling  objects 

f.  burns 

g.  smoke  inhalation 


Activity  8  Page  37 

Objective  8-1:  Describe  the  char¬ 
acteristic  that  is  common  for  all 
explosions  that  result  from  burn¬ 
ing,  and  identify  things  that  can 
increase  the  chance  of  explosions 
occurring. 

Sample  Question:  Suppose  there  were 
solid  substances  available  that  burn 
easily  and  produce  a  lot  of  gas. 
Which  of  the  following  would  increase 
the  chance  of  an  explosion  occurring? 

a.  decreasing  the  amount  of  enclosed 
space  available  for  the  gases  pro¬ 
duced  during  burning 

b.  breaking  the  solid  substances  into 
tiny  pieces  and  spreading  the 
pieces  throughout  a  closed 
container 

c.  igniting  the  solids  within  a  closed 
container  of  oxygen 
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Objective  9-1:  Identify  safe  and 
unsafe  proceduces  for  storing  and 
using  materials  that  can  burn  or 
explode. 

Sample  Question:  Identify  each  of  the 
following  as  safe  or  unsafe. 

a.  gasoline  stored  in  a  glass  container 

b.  paint  thinner  stored  next  to  a 
clothes  dryer 

c.  electrical  cord  placed  out  of  sight 
under  a  rug 

d.  newspapers  saved  in  a  metal  cab¬ 
inet  for  recycling 


Answers 

7-1.  d,  f,  g  8-1.  a,  b,  c  9-1.  a.  unsafe 
b.  unsafe  c.  unsafe  d.  safe 
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REQUIRED  ACTIVITY 
In  this  activity,  you’ll  plan  two  es¬ 
cape  routes  for  each  bedroom  in 
your  home.  You’ll  also  plan  a  fire 
drill  for  your  family. 
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Activity  2 

Whatever  Happened 
to  Phlogiston? 


You’ve  probably  watched  many  things  burn.  Did  you  ever  wonder  what 
happens  during  burning?  Try  the  following  investigation.  You’ll  need  just 
one  thing  —  a  match.  (Wear  safety  goggles  for  this.) 

Light  the  match  and  observe  it  burning. (Don’t  let  it  burn  too  long!) 


•  2-1.  Did  something  seem  to  enter  or  leave  the  match  as  it 
burned?  Explain  your  answer. 

Burning  was  one  of  the  first  things  that  one  group  of  scientists  (now 
called  chemists)  questioned.  Scientists  have  many  questions.  And 
they  do  a  lot  of  quessing  about  the  answers  to  their  questions.  Scien¬ 
tists  usually  base  their  guesses  on  reasons.  In  fact,  there’s  a  special 
name  for  a  guess  that’s  based  on  good  reasons  and  much  evidence. 
It’s  called  a  theory. 

For  thousands  of  years,  people  have  wondered  about  the  makeup  of 
things.  People  once  believed  that  each  different  kind  of  thing  was  not 
related  to  any  other  kind  of  thing.  For  example,  copper,  iron,  brass, 
and  gold  were  not  related  to  each  other.  Then  there  was  a  theory  that 
all  matter  could  be  reduced  to  only  four  elements  —  earth,  air,  fire,  and 
water.  Another  theory  concerned  burning.  A  scientist  named  George 
Stahl  studied  the  burning  of  many  substances. 
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2.  Hmm,  something  leaves 
everything  I  burn. 


•  2-2.  According  to  Stahl’s  phlogiston  [flow-JIS-tun]  theory,  is 

phlogiston  in 

a.  wood,  paper,  and  coal? 

b.  the  wood  ashes  left  after  a  fire? 

c.  glass  or  stones? 

•  2  -3.  According  to  the  phlogiston  theory,  everything  that  burns 

contains  the  same  element.  True  or  false? 

According  to  the  phlogiston  theory,  things  that  are  able  to  burn 
contain  phlogiston.  Wood  ashes,  glass,  and  stones  do  not  have 
phlogiston.  That’s  the  reason  they  will  not  burn.  But  the  phlogiston 
theory  does  not  tell  us  what  elements  are  in  those  things  that  don’t 
burn.  The  theory  is  concerned  only  with  burnable  substances. 

As  far  as  it  goes,  the  phlogiston  theory  seems  like  a  good  one.  It’s 
purpose  was  to  explain  what  happens  during  burning.  According  to 
the  theory,  when  a  substance  burns,  phlogiston  leaves  the  substance 
and  goes  into  the  air.  Stahl  also  believed  that  the  air  can  hold  only  so 
much  phlogiston.  If  the  air  happens  to  be  full  of  phlogiston,  nothing 
more  can  burn  in  the  air. 
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Do  the  following  investigation  to  test  the  phlogiston  theory.  See  if 
the  air  can  be  filled  with  phlogiston.  You’ll  need  about  30  minutes  for 
the  investigation.  And  you’ll  need  to  use  a  balance.  If  you  don’t  know 
how  to  use  a  balance,  do  Resource  Unit  10.  Then  get  the  following 
items: 


safety  goggles 
small  (birthday)  candle 
asbestos  pad 
matches 

jar  or  beaker,  taller  than  candle 

balance 

steel  wool 


A.  Light  a  match  and  melt  some 
wax  from  the  bottom  of  the 
candle  onto  the  asbestos 
pad.  Then  put  the  candle 
upright  in  the  wax  on  the  pad. 


B.  Light  the  candle.  Put  a  jar  or 
beaker  upside  down  over  the 
candle. 


asbestos  pad 


y 


•  2  -4.  What  finally  happens  to  the  burning  candle?  Use  the 
phlogiston  theory  to  explain  what  you  observed. 
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Now  test  the  theory  in  another  way.  Do  Steps  C,  D,  and  E. 


C.  Remove  the  jar  or  beaker 
from  the  unlit  candle.  Put  the 
candle,  attached  to  the  pad, 
in  one  pan  of  a  balance.  Add 
weights  to  find  the  balance 
point.  Use  the  zero  adjust¬ 
ment  if  the  balance  has  one. 


D.  Keep  the  candle  where  it  is 
and  light  it.  After  the  candle 
burns  for  about  10  minutes, 
blow  it  out. 

E.  If  you’re  using  a  triple-beam 
balance,  or  if  you  have  small 
weights,  find  the  weight  of  the 
candle  and  pad  together. 
Otherwise,  check  the  pointer 
to  see  how  much  the  weight 
changed. 


triple-beam  balance 


•  2-5.  What  was  the  total  weight  of  the  candle  and  pad  before  the 

candle  was  lighted  (Step  C)? 

•  2-6.  After  the  candle  was  lighted  (Steps  D  and  E),  was  the  total 

weight  of  the  candle  and  pad  more,  the  same,  or  less  than 
before  the  candle  was  lighted?  Use  the  phlogiston  theory 
to  explain  your  observation. 

So  far,  the  phlogiston  theory  does  a  pretty  good  job.  Maybe  the 
candle  flame  did  go  out  because  the  air  inside  the  jar  became  full  of 
phlogiston.  And  maybe  the  candle  lost  weight  because  phlogiston 
left  the  burning  candle.  But  a  theory  must  be  tested  many  times  and 
in  many  ways. 
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Test  the  phlogiston  theory  again.  This  time  use  a  ball  of  loosely- 
packed  steel  wool.  (Steel  is  mostly  iron,  and  iron  will  burn.) 


F.  Put  the  piece  of  steel  wool 
on  the  asbestos  pad.  Then 
place  the  steel  wool  with  the 
pad  in  one  pan  of  a  balance. 
For  accuracy,  use  a  triple¬ 
beam  balance  if  available. 
Adjust  the  weights  to  find  the 
balance  point,  or  adjust  the 
balance  to  zero. 

G.  Keep  the  steel  wool  where  it 
is  and  light  it.  In  a  few  sec¬ 
onds,  the  steel  wool  should 
stop  burning.  Relight  the 
steel  wool  again  and  again 
until  it  fails  to  burn  when  you 
touch  a  match  to  different 
places  on  it.  Then  let  the 
steel  wool  cool  for  about  a 
minute. 

•  2  -7.  What  was  the  total  weight  of  the  steel  wool  and  the  pad 

before  the  steel  wool  was  lighted? 

•  2-8.  When  the  steel  wool  stopped  burning  and  cooled,  what  was 

the  total  weight  of  the  steel  wool  and  pad? 

•  2  -9.  After  the  steel  wool  was  lighted,  did  it  weigh  more,  the 

same,  or  less  than  before  it  was  lighted? 

When  the  steel  wool  investigation  is  carefully  done,  a  gain  in  weight 
is  observed.  If  you  didn’t  get  this  result,  it  would  be  a  good  idea  to 
repeat  Steps  F  and  G. 

The  steel  wool  gained  weight  when  it  burned.  Something  must  have 
been  added  to  it.  Does  the  phlogiston  theory  explain  this?  No,  the 
phlogiston  theory  predicted  a  weight  loss  because  phlogiston  leaves 
a  burning  substance.  Investigations  like  this  one  finally  caused 
Stahl’s  phlogiston  theory  to  be  rejected. 

Today,  chemists  have  a  different  theory  about  burning.  The  current 
theory  was  first  developed  about  two  hundred  years  ago  by  the 
French  chemist  Antoine  Lavoisier  [Lav-WAZ-e-ay].  Study  the  news¬ 
paper  stories  shown  in  Figure  2-1. 
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RANCE 


Tench  chemist  An¬ 
toine  Lavoisier  to¬ 
day  revealed  results 
of  extensive  experi¬ 
ments  on  burning. 
Scientists  around 
the  world  are  ex¬ 
pected  to  react  with 
vigorous  debate  to 
his  conclusion  that 
the  element  “phlo¬ 
giston’  ’  does  not 
exist!!  Lavoisier 
claims  all  burnmg 
substances  combine 
with  the  element 
oxygen . 


NEW 

PRINCIPLE 

PRO¬ 

CLAIMED 

A  principle  called 
consen’ation  of 
mass  has  been 
recently  stated.  It 
accounts  for  what 
happens  when  things 
bum.  In  a  few 
words,  the  new 
theory  says  that  no 
mass  is  really  gained 
or  lost  (no  change  in 
weight)  when  some¬ 
thing  bums .  There 
are  merely  new 
combinations  of  the 
materials.  If  you 
start  out  with  10 
grams  of  wood  and 
air,  you’ll  get  10 
grams  of  ashes  and 
gases  afterburning. 


IMPROVED 
BALANCE 
USED  IN 
SCIENTIFIC 

experi¬ 

ments 

Sealed  containers 
were  used  on  spe¬ 
cially  made  weigh¬ 
ing  balances  to 
determine  that  the 
weights  of  sub¬ 
stances  before  and 
after  burning  were 
the  same. 

Lavoisier,  the 
French  scientist 
who  has  announced 
the  results,  says, 
“The  thing  that  had 
us  fooled  for  so  long 
was  that  many  prod¬ 
ucts  of  burning  are 
gasses ,  they  blow 


away  and  are  never 
weighed.  In  my 
sealed  containers,  I 
captured  all  the 
products  of  bum- 

*  t  ? 

ing. 


NEWS  IN 
A  NUT¬ 
SHELL 

1.  Nothing  is 
gained  or  lost 
when  some¬ 
thing  burns— 
mass  is  con¬ 
served. 

2.  Burningsub- 
stances  com¬ 
bine  with  the 
element  oxy- 
gen. 

3.  The  phlogis¬ 
ton  theory  is  no 
longer  the  best 
explanation  of 
burning. 


The  British  colony 
in  North  America 
appears  determined 
to  withdraw  from 
British  governance 
Reports  from  tf 
settlement  at  Bos 
ton  Harbor  indicate 
that  American  re 
volutionaries  have 
clashed  on  several 
occasions  with  Brit¬ 
ish  soldiers.  King 
George  of  England 


Figure  2-1 


★  2-10.  According  to  Lavoisier,  what  element  combines  with 

burning  substances? 

★  2-11.  According  to  Lavoisier,  why  does  it  sometimes  appear 

that  something  is  lost  when  things  burn? 

★  2-12.  When  steel  wool  burns,  it  gains  weight.  Use  Lavoi¬ 

sier’s  theory  of  burning  to  explain  the  weight  gain. 

★  2-13.  Describe  how  Lavoisier’s  experiments  helped  to  dis¬ 

prove  the  phlogiston  theory. 


Lavoisier’s  theory  of  burning  is  called  the  oxygen  theory  of  burning. 
Since  Lavoisier’s  time,  no  experiment  has  shown  the  theory  to  be 
wrong.  So  today’s  chemists  continue  to  believe  in  the  theory. 


CORE  11 


★  2-14.  Describe  how  the  law  of  conservation  of  mass  applies 
to  burning. 

This  may  be  the  first  time  you’ve  met  the  law  of  conservation  of  mass. 
If  so,  don’t  worry  if  the  meaning  isn’t  completely  clear.  You’ll  study 
conservation  of  mass  again  in  other  minicourses.  But  if  you’ve  seen 
this  law  before,  and  are  feeling  uneasy  about  it,  you  may  want  to  read 
Resource  Unit  18.  It  describes  conservation  of  mass  in  more  detail. 


Activity  3 

To  Burn 


or  Not 


Many  substances  will  burn,  and  many  won’t  burn.  Some  things  ignite 
(start  to  burn  with  a  flame  or  glow)  easily,  and  some  ignite  with  diffi¬ 
culty.  Usually  you  can’t  tell  just  by  looking  at  a  substance  whether  or 
not  it  will  burn.  To  find  out  whether  some  substances  burn,  do  the 
following  investigation.  It  will  take  about  30  minutes  and  you’ll  need 
these  items: 

safety  goggles 
Bunsen  burner 
matches 

tongs  or  tweezers 

asbestos  pad  or  metal  lid 

Burning  Set 

teaspoon 

notebook 

paper  towel 


ttVTL  J  KTYXk  Avoid  breathing  any  of  the  gases 

produced  in  the  burning  tests. 

v_ _ __ _ J 

When  burning,  many  substances  produce  harmful  gases  that  you 
may  not  be  able  to  see  or  smell.  To  be  safe,  use  small  amounts  of 
substances  for  the  burning  tests. 

•  3-1.  Why  should  you  avoid  breathing  smoke  or  fumes  produced 
in  the  burning  tests? 
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If  you  need  help  in  using  or  adjusting  the  burner,  do  Resource 
Unit  17. 

In  your  notebook,  draw  a  table  like  the  one  in  Figure  3-1 .  The  table 
will  be  your  observation  record,  so  carefully  note  the  things  to  observe. 


OBSERVATION  RECORD 


(substances 

(tested 

1  1.  EASY  T< 

START 

j  burnin 

5  I  2.  HARD  TC 

j  START 

sj  burninc 

>  (3.  CONTINUES 
BURNING 

WHEN  FLAM 
IS  REMOVED 

|4.  STOPS  BURN¬ 

ING  WHEN 

E  FLAME  IS 
REMOVED 

I  5.  CHANGES 

BUT 

j  DOESN’T 

j  burn 

I  6.  UNCHANGED 

BY  FLAME 

(Nail 

| Paper 

|  Plastic 

|  Block  of 
|  wood 

|  Leather 

(Styrofoam 
(  cup 

(Carpeting 

( Cloth 

( Drapery 
|  fabric 

(Chalk 

Table  salt  ; 

Table  sugar 

Figure  3-1 
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B. 


Test  each  of  the  other  mate¬ 
rials  exceptthe  sugar  and  salt 
in  the  manner  described  in 
Step  A.  Record  all  observa¬ 
tions  in  your  table.  Check 
only  one  or  two  boxes  for 
each  material  tested. 


A.  Light  the  burner.  Using 
tongs,  grasp  one  of  the  mate¬ 
rials  to  be  tested  (not  the 
sugar  or  salt)  and  hold  it 
just  above  the  tip  of  the 
burner  flame.  If  the  material 
catches  fire,  remove  it  from 
the  flame  and  hold  it  over  the 
asbestos  pad  or  metal  lid. 
Carefully  observe  what  hap¬ 
pens  to  the  material.  Then 
record  what  you  observed  by 
drawing  a  check  mark  in  the 
appropriate  column  or  col¬ 
umns  in  your  table. 


asbestos  pad 


asbestos  pad 


A 

|  Use  a  Bunsen  burner,  not  an  alcohol 

1  burner,  for  Step  C. 

_ _ _ J 
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C.  Place  a  spoonful  of  salt  on  the 
asbestos  pad.  Light  the 
burner  and  try  to  ignite  the 
salt.  Observe  what  happens 
to  the  salt  and  record  your 
observation  in  the  table. 
(Check  only  one  or  two 
boxes.)  Use  the  paper  towel 
to  wipe  the  salt  off  the  asbes¬ 
tos  pad.  Then  test  the  sugar 
the  same  way  that  you  tested 
the  salt. 


A  substance  is  flammable  if  it  catches  fire  and  continues  to  burn 
when  the  flame  is  removed.  A  substance  is  combustible  if  it  catches 
fire.  If  a  substance  does  not  burn,  it  is  noncombustible. 


•  3-2.  List  noncombustible  substances  besides  stones  and  glass. 

•  3-3.  Look  at  the  table  in  Figure  3-1  (page  13).  In  which 

columns  (1  through  6)  would  you  find  observations  for 

a.  combustible  substances? 

b.  flammable  substances? 

c.  noncombustible  substances? 

•  3  -4.  Consider  the  materials  that  you  tested.  Which  ones  are 

a.  combustible? 

b.  flammable? 

c.  noncombustible? 


For  Guestion  3^4,  you  may  have  had  difficulty  deciding  whether 
materials  are  just  combustible  or  whether  they’re  both  combustible 
and  flammable.  If  you  had  difficulty,  refer  to  your  answer  to  Ouestion 
3-3  for  help. 


★  3-5.  In  your  notebook,  make  three  columns.  Label  one 
column  combustible,  one  flammable,  and  the  third 
noncombustible.  Then,  in  the  appropriate  column,  list 
each  of  the  following  materials.  (Some  materials  may 
be  listed  in  more  than  one  column.) 

a.  water  g.  dry  leaves  from  a  tree 

b.  sand  h.  leather 

c.  table  salt  i.  bricks 

d.  newspaper  j.  asbestos  pad 

e.  concrete  k.  gasoline 

f.  candle  wick  I.  Styrofoam  coffee  cup 
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Activity  4 

What's  Needed? 


You’ve  probably  seen  lots  of  fires.  Do  you  know  what’s  needed  to 
keep  a  fire  going?  Fuel  is  one  thing  that  a  fire  needs.  A  fuel  is  any 
substance  that  is  combustible  or  flammable.  A  combustible  sub¬ 
stance  will  ignite  (start  to  burn  with  a  flame  or  glow).  A  flammable 
substance  will  ignite  and  then  continue  to  burn  when  the  flame  is 
removed.  Many  substances  are  both  combustible  and  flammable 
(paper,  for  example).  Some  substances  are  combustible  only.  They 
will  ignite  but  will  not  continue  to  burn  when  the  flame  is  removed. 


•  4-1.  Define  the  term  fuel. 

When  a  fuel  burns,  there’s  a  flame  or  a  glow  that  may  be  yellowish, 
bluish,  or  some  other  color.  If  the  fire  is  big  enough,  you  may  feel  the 
heat  that  is  given  off. 

Many  different  fuels  are  present  all  the  time.  But  these  fuels  cer¬ 
tainly  aren’t  burning  all  the  time.  There  must  be  something  else  that’s 
needed  in  order  to  have  a  fire. 

•  4  _2.  What  is  needed  to  ignite  a  fuel? 

Every  combustible  substance  must  be  heated  to  a  certain  tempera¬ 
ture  before  it  can  burn.  That  certain  temperature  is  called  the  Ignition 
point  of  the  substance. 
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The  following  investigation  shows  some  things  that  affect  the  ignition 
point.  You’ll  need  to  use  a  Bunsen  burner  in  the  investigation.  If  you 
don’t  know  how  to  light  or  adjust  a  Bunsen  burner,  do  Resource  Unit 
17  now.  Then  do  the  investigation.  You’ll  need  about  30  minutes  and 
these  items: 

safety  goggles 
asbestos  pad 

2  pieces  of  paper,  each  3  cm  x  6  cm 
2  pieces  of  cardboard,  each  3  cm  x  6  cm 
2  pieces  of  cloth,  each  3  cm  x  6  cm 
2  burette  clamps  (without  plastic  or  rubber  sleeves) 

2  support  stands 
Bunsen  burner 
matches 

watch  or  clock  with  second  hand 
notebook 

In  your  notebook,  draw  a  table  like  the  one  in  Figure  4-1 .  You’ll  be 
recording  your  observations  in  the  table. 


IGNITION  POINTS 


MATERIAL 

IGNITION  TIME 

TRIAL  1 

TRIAL  2 

AVERAGE 

Paper 

Cardboard 

Cloth 

Figure  4-1 

A.  Set  up  the  equipment  as 
shown.  Adjust  the  clamps 
and  support  stands  so  that 
the  paper  is  tightly  stretched 
about  12  cm  above  the 
burner. 

B.  Remove  the  burner  from 
under  the  paper.  Light  the 
burner  and  adjust  it  for  the 
hottest  flame. 


metal  end  of  clamp 
without  plastic 
or  rubber  sleeve 


support 

stand 


asbestos 
pad 
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Use  care  when  handling  the  mate¬ 
rials  and  equipment.  They  may  be 
very  hot. 


C.  Place  the  lighted  burner 
under  the  paper.  Begin  tim¬ 
ing.  When  the  paper  ignites, 
stop  timing.  Let  the  paper 
fire  burn  out  —  it  will  take  only 
a  few  seconds.  If  the  paper 
doesn't  ignite,  or  if  it  ignites 
immediately,  discuss  the 
problem  with  your  teacher. 


In  the  Trial  1  column  of  your 
table,  record  the  total  time  it 
took  for  the  paper  to  ignite. 


Repeat  Steps  A-C  with  a  sec¬ 
ond  piece  of  paper.  This 
time  record  the  total  time  for 
the  paper  to  ignite  in  the  Trial 
2  column  of  your  table. 


Using  a  piece  of  cardboard, 
do  Steps  A-C  twice.  Then, 
using  a  piece  of  cloth,  do 
Steps  A-C  twice.  In  each 
case,  record  the  first  result  in 
the  Trial  1  column  of  your  ta¬ 
ble;  record  the  second  result 
in  the  Trial  2  column. 


For  each  material  tested,  find  and  record  the  average  for  the  two 
trials.  If  you  have  trouble  with  averaging,  do  Resource  Unit  1 . 

•  4-3.  Which  material  (paper,  cardboard,  or  cloth)  ignited  the 

fastest? 

•  4-4.  Which  material  (paper,  cardboard,  or  cloth)  ignited  the 

slowest? 
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The  temperature  of  a  substance  rises  as  the  substance  is  held  over  a 
flame  (like  a  frying  pan  when  first  put  on  a  stove).  The  longer  it  takes 
for  a  substance  to  ignite,  the  higher  is  the  ignition  point  of  the  sub¬ 
stance. 


•  4-5.  Which  material  (paper,  cardboard,  or  cloth)  had  the  highest 

ignition  point? 

Paper  and  cardboard  are  basically  the  same  substance.  However, 
they  differ  in  thickness. 

•  4  -6.  Which  material  (paper  or  cardboard)  ignited  faster? 

•  4-7.  Which  material  (paper  or  cardboard)  had  the  higher  ignition 

point? 

•  4-8.  A  fuel  has  an  ignition  point.  Describe  what  is  meant  by  a 

fuel’s  ignition  point. 

You’ve  found  that  there  are  at  least  two  things  that  are  necessary  to 
have  a  fire.  In  addition  to  fuel,  the  temperature  of  the  fuel  must  be 
raised  enough  for  it  to  ignite.  But  is  this  all  that  is  needed?  No.  Airis 
also  needed.  Or,  more  specifically,  the  oxygen  gas  in  air  is  needed. 
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You  can  see  how  oxygen  affects  burning  by  doing  the  following 
investigation.  You’ll  need  at  least  one  class  period  and  these  items: 


safety  goggles 
small  jar  with  lid 

hydrogen  peroxide,  H202,  3%  solution 
shallow  pan  with  lip 
soda  straw 

manganese  dioxide,  Mn02,  powder 

Bunsen  burner 

matches 

tongs  or  tweezers 
charcoal 


The  H2O2  and  Mn02  are  used  to 
prepare  oxygen  gas.  Before 
starting  the  investigation, 
check  with  your  teacher  to  see 
if  a  different  method  for  pre¬ 
paring  gas  is  preferred. 


A.  Fill  the  jar  to  the  brim  with 
H202.  Place  the  lid  on  the 
jar.  Tighten  the  lid  securely. 

B.  Add  water  to  the  pan.  The 
water  should  be  about  2  cm 
deep.  Place  the  jar,  lid 
down,  into  the  water.  The  jar 
should  be  standing  upside 
down  on  the  bottom  of  the 
pan. 

C.  Hold  the  straw  upright  and 
dip  it  into  the  Mn02  powder. 
The  powder  should  be  about 
2  cm  deep  in  the  straw. 
Carefully  set  aside  the  straw. 
Don’t  spill  the  powder. 


In  Step  D,  breathe  only  through  your 
nose  while  the  straw  is  in  your 
mouth. 
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D.  While  keeping  the  neck  of  the 
jar  underwater,  remove  the  lid 
and  set  it  aside.  Then  care¬ 
fully  place  the  powder-end  of 
the  straw  beneath  the  neck  of 
the  jar.  Keep  the  neck  of  the 
jar  and  the  end  of  the  straw 
in  the  water.  Very  gently 
blow  through  the  nonpowder- 
end  of  the  straw  until  the 
Mn02  powder  is  removed. 

E.  When  bubbling  begins  inside 
the  jar,  stand  the  jar  upside 
down  on  the  bottom  of  the 
pan.  It  will  take  about  15-20 
minutes  for  the  jar  to  fill  with 
gas.  During  this  time,  work 
on  another  activity.  Then  do 
Step  F. 

F.  After  15-20  minutes,  replace 
the  jar  lid  while  holding  the 
neck  of  the  jar  underwater. 


Then  remove  the  jar  from  the 
water. 

G.  Light  the  burner.  Loosen  the 
lid  on  the  jar  but  don't  remove 
the  lid.  Using  tweezers,  hold 
a  piece  of  fuel  (charcoal)  in 
the  flame  until  the  fuel  glows. 
Then  lift  one  sideofthelid  and 
very  quickly  hold  the  glowing 
fuel  in  the  jar  as  shown. 


Charcoal  is  combustible.  It’s  a  common  fuel.  You  may  have  used  it 
for  backyard  cooking.  Charcoal  is  mostly  carbon.  When  it  burns,  the 
carbon  combines  with  oxygen.  But  charcoal  by  itself  won’t  burn  — 
even  if  you  put  it  in  pure  oxygen. 

•  4-9.  Suppose  you  have  fuel  (charcoal)  and  oxygen.  What  else 
do  you  need  in  order  to  achieve  burning? 
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•  4-10.  Describe  what  happened  to  the  fuel  when  you  put  it  into 

the  jar. 

•  4-11.  Why  doesn’t  the  fuel  continue  to  burn  brightly  after  it  is 

placed  in  the  jar? 

•  4-12.  A  fuel  must  be  present  for  a  fire  to  occur.  Fuel  is  the 

thing  that  burns.  Why  must  air  and  heat  energy  also  be 
present? 

The  more  oxygen  present,  the  faster  a  fire  will  burn.  As  a  matter  of 
fact,  in  the  presence  of  pure  oxygen,  some  substances  can  burn 
explosively.  This  is  why  extra  precautions  must  be  taken  in  areas 
where  pure  oxygen  is  being  used. 


Figure  4-2 


•  4  -13.  In  Figure  4-2,  why  is  the  sign  posted? 
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Activity  5 

Burning  and  New 
Combinations 


Substances  are  made  up  of  atoms.  When  substances  are  different,  their 
atom-combinations  are  different.  This  means  that  the  substances  may 
have  different  kinds  of  atoms,  different  combinations  of  the  same  kinds 
of  atoms,  or  different  combinations  of  different  atoms.  Figure  5—1 
shows  some  substances  and  their  atom-combinations.  Do  Resource 
Unit  22  if  you  need  help  with  Figure  5—1 . 


HAIR 

carbon  atoms,  C 
nitrogen  atoms,  N 
hydrogen  atoms,  H 
oxygen  atoms,  O 
sulfur  atoms,  S 


Figure  5-1 

•  5-1.  Name  seven  atoms  found  in  common  substances. 
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Sometimes  combinations  of  atoms  get  taken  apart  and  new  com¬ 
binations  are  formed.  This  kind  of  change  is  called  a  chemical 
reaction.  In  most  chemical  reactions,  heat  energy  is  involved.  Heat  is 
either  given  off  by  the  atom-combination  or  taken  in  from  the  surround¬ 
ings.  You  can  see  an  example  of  this. 

You’ve  probably  lighted  many  matches.  You’ll  light  another  one  in 
this  investigation.  You’ll  need  the  following  items: 


safety  goggles 

matches 

tweezers 


A.  Light  a  match.  Grasp  the 
bottom  of  the  burning  match 
with  tweezers. 


B.  Observe  the  match  until  it 
stops  burning. 


Study  Figure  5-2  and  then  answer  Questions  5-3,  5-4,  and  5-5. 


In  your  notebook,  describe  your  observations  of  the  burning 
match. 


Life  Story  of  a  Match 


1.  Before 
striking. . . 

•  in  the  air — there 
are  oxygen  atoms. 

•  in  the  match — there 
is  a  combination  of 
carbon,  hydrogen, 
and  oxygen  atoms. 


2.  The  match’s 
head  is 
struck. . . 

•  heat  of  friction 
ignites  the  head 
of  the  match. 


3.  Immediately 
after  striking. . . 

•  heat  and  light 
are  released. 

•  the  wood  of  the 
match  and  the 
oxygen  in  the  air 
react. 


4.  As  the  wood  and 
oxygen  react, 
some  atoms 
combine,  leaving... 

•  in  the  air — 
carbon  dioxide 
and  water  vapor. 

•  in  the  char 

from  the  match — 
carbon  atoms. 

•  in  the  match  stub — 
a  combination  of 
carbon,  hydrogen, 


Figure  5-2 
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5-3. 


•  5-4. 


★  5-5. 


Name  two  substances  involved  in  a  chemical  reaction  dur¬ 
ing  the  burning  of  a  match. 


Heat  energy  is  needed  to  start  a  match  burning, 
does  that  heat  energy  come  from? 


Where 


Do  new  atom-combinations  occur  when  the  wood  of  a 
match  burns?  If  so,  what  are  the  new  combinations? 


Burning  is  the  rapid  combination  of  oxygen  atoms  with  the  atoms  in  a 
fuel  (a  burnable  substance).  This  chemical  reaction  produces  heat 
energy  and  light  energy  which  can  be  seen  and  felt.  It  also  produces 
new  substances  called  products. 

The  new  products  have  atom-combinations  that  are  different  from 
the  original  atom-combinations  in  the  fuel.  Figure  5-3  shows  what 
happens  to  the  atoms  of  fuel  and  oxygen  gas  during  the  burning  of  a 
match. 

THE  BURNING  OF  A  MATCH 


wood  + 

for  each  cellulose  part 

oxygen 

->  carbon  dioxide  + 

water 

+  energy 

C6H10O5 

6  02 

6  CO2 

5  H20 

(heat 

and 

6  carbon  atoms 

combines 

12  oxygen 

to  yield 

6  carbon 

and 

10 

and 

light) 

linked  with  10 

with 

atoms 

(by 

atoms 

hydrogen 

hydrogen  atoms 

(6  pairs  of 

chemical 

linked  with 

atoms 

energy 

and  5  oxygen 

linked 

changes) 

12  oxygen 

linked  with 

atoms 

oxygen 

atoms 

5  oxygen 

atoms) 

atoms 

Figure  5-3 

Figure  5-3  shows  that  there  are  the  same  number  of  atoms  of  each 
kind  after  the  burning  reaction  as  there  are  before  the  reaction.  But 
the  atoms  are  rearranged  into  new  combinations.  Use  Figure  5-3  to 
answer  Question  5-6. 


•  5-6.  In  the  match-burning  reaction,  how  many  carbon,  hydro¬ 

gen,  and  oxygen  atoms  are  there  before  the  reaction  (to  the 
left  of  the  arrow)?  Are  there  the  same  number  of  each  atom 
in  the  products? 

•  5-7.  How  does  the  burning  of  a  substance  affect  the  number 

of  each  kind  of  atom  involved  in  the  reaction?  Explain. 

•  5-8.  What  new  atom-combinations  form  when  fuels  containing 

carbon  and  hydrogen  are  burned? 
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Activity  6 

The  wet  Blanket 


Figure  6-1  shows  the  three  requirements  that  are  necessary  for  burn¬ 
ing  to  take  place.  If  you  keep  any  one  of  the  three  from  combining 
with  the  other  two,  the  fire  will  be  extinguished  (put  out).  You  can 
stop  or  control  fires  by  removing  either  the  fuel  (any  burnable  sub¬ 
stance)  or  the  oxygen,  or  by  preventing  the  fuel  from  reaching  its 
ignition  point.  (The  ignition  point  is  the  temperature  at  which  the  fuel  will 
burn.) 


Figure  6-1 


What  are  some  examples  of  the  three  general  ways  to  control  a  fire 
once  a  fire  has  started?  The  following  investigation  illustrates  one 
example.  You'll  need  about  10  minutes  and  these  items: 

safety  goggles 
matches 

2  candles,  short  (birthday) 

2  beakers  or  containers,  taller  than  the  candles 

2  metal  jar  lids  that  fit  in  the  beakers 

graduated  cylinder 

vinegar-water 

grease  pencil  for  labeling 

teaspoon 

baking  soda 
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A.  Melt  some  wax  from  the  bot¬ 
tom  of  one  of  the  candles. 
Let  the  wax  drip  onto  the  in¬ 
side  of  a  jar  lid.  Then  place 
the  candle  upright  in  the  lid. 
Do  the  same  for  the  second 
candle  and  lid. 

B.  Label  the  beakers  1  and  2. 
Add  about  50  ml  of  vinegar- 
water  to  each  of  the  two 
beakers.  Then  place  each 
candle  in  a  beaker  as  shown. 
Don’t  get  the  candles'  wicks 
wet! 

C.  Light  each  candle.  Then  care¬ 
fully  drop  about  V3  teaspoon 
of  baking  soda  into  the 
vinegar-water  in  Beaker  1. 
Observe  the  candles  in  both 
beakers. 


50  ml  vinegar-water 


•  6-1.  Describe  what  happens  in  Beakers  1  and  2. 

When  you  added  the  baking  soda,  the  vinegar-water  fizzed.  Fiz¬ 
zing  indicates  that  a  gas  is  escaping.  In  this  case,  the  gas  is  carbon 
dioxide.  Carbon  dioxide  is  heavier  than  air.  It  sinks  to  the  bottom  of 
the  beaker.  The  sinking  of  the  carbon  dioxide  lifts  the  air  with  its 
oxygen  up  and  out  of  the  beaker. 

•  6-2.  Why  do  you  thinkthe  carbon  dioxide  in  Beaker  1  caused  the 

flame  to  go  out? 

•  6-3.  Which  of  the  three  requirements  for  a  fire  was  removed  in 

Beaker  1? 

•  6-4.  Why  was  Beaker  2  included  in  this  investigation? 

If  you  have  trouble  answering  Question  6-4,  do  the  section  titled  "A 
Control”  in  Resource  Unit  15. 
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Wrapping  a  blanket  around  a  person  whose  clothes  are  burning  is 
another  way  to  put  out  a  fire. 

•  6-5.  Howisusingablanketsimilartothecarbon-dioxidemethod 

of  extinguishing  a  fire? 

Another  way  to  smother  a  fire  (remove  the  oxygen)  is  with  water. 
When  water  is  put  on  a  fire,  some  steam  is  produced.  Steam  and 
liquid  water  act  like  the  carbon  dioxide  did  in  Beaker  1  of  the  investiga¬ 
tion.  They  help  smother  the  fire  —  remove  the  oxygen. 

You've  seen  that  a  fire  can  be  put  out  or  controlled  by  removing 
oxygen.  A  second  general  way  to  put  out  a  fire  is  to  lower  the 
temperature  of  the  fuel  below  the  fuel’s  ignition  point.  Figure  6-2 
shows  one  effective  way  of  lowering  the  temperature. 

•  6-6.  Some  people  hose  down  their  homes  when  there  is  a  nearby 

forest  fire.  How  could  this  help  prevent  their  homes  from 
burning? 


•  6-7.  Suppose  you  poured  water  on  a  wastebasket  fire.  De¬ 
scribe  two  ways  the  water  might  act  to  control  the  burning. 


A  third  general  way  to  put  out  a  fire  is  to  take  away  the  fuel.  This 
method  is  often  used  for  preventing  forest  fires  from  spreading.  A  fire 
lane  is  formed  by  cutting  down  and  removing  a  strip  of  trees.  This 
removes  the  fuel  from  that  strip.  The  fire  burns  to  one  side  of  the  strip 


You  know  that  there  are  three  requirements  for  burning  to  take  place. 
The  requirements  are:  fuel,  oxygen,  and  a  high  enough  temperature 
to  cause  the  fuel  to  ignite.  If  any  one  of  the  requirements  is  removed, 
the  fire  will  be  extinguished. 

*6-8.  Suppose  you  were  camping.  Describe  how  you  would 
fully  extinguish  a  campfire  by  using  each  of  the  follow¬ 
ing  methods. 

a.  removing  the  fuel 

b.  removing  the  oxygen  gas 

c.  lowering  the  temperature  of  the  fuel  below  its  ignition 
point 

You  have  learned  about  the  three  primary  ways  of  putting  out  a 
fire.  It  is  important  that  you  remember  these  ways  in  case  of 
an  emergency. 

There  is  a  fourth  way  to  put  out  a  fire  —  by  “starving”  the  flame. 
This  method  has  been  invented  recently.  The  fire  is  put  out  by  chemi¬ 
cals  that  interfere  with  the  chemical  reactions  between  the  fuel  and  the 
oxygen  inside  the  burning  flame.  This  interference  stops  the  fire. 

Often  you  can  extinguish  a  small  fire  if  you  have  a  commercial  fire 
extinguisher  and  know  how  to  use  it.  But  many  people  don’t  know  how 
to  use  commercial  fire  extinguishers.  In  fact,  most  people  think  that  all 
fire  extinguishers  are  alike.  But  they  aren’t.  The  label  on  a  commer¬ 
cial  extinguisher  describes  the  type  of  fire  for  which  the  extinguisher 
should  be  used. 

Fires  are  generally  described  as  Class  A,  B,  or  C.  (See  Figure  6-3.) 


TYPES  OF  FIRES 


Figure  6-3 
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Some  common  types  of  commercial  fire  extinguishers  are  shown  in 
Figure  6-4.  If  there  are  any  commercial  fire  extinguishers  in  your 
home  or  school,  read  their  labels.  Then  you’ll  know  what  kinds  of  fires 
they  can  be  used  against.  Using  the  wrong  kind  of  extinguisher  may 
make  a  fire  worse,  produce  injuries,  or  both. 


Common  Types  of  Commercial  Fire  Extinguishers 


TYPE 


WATER  TYPE 


stored 

pressure 


cartridge 

operated 


water  pump 
tank 


soda  acid 


CLASS  OF  FIRE 
USED  AGAINST 


TYPE 


rtf 


HI 


foam 


carbon 

dioxide 


.UJ 

regular  dry 
chemical 


u 

multipurpose 
dry  chemical 


CLASS  OF  FIRE 
USED  AGAINST 


B 


B  and  C 


A.B.C 


Figure  6-4 


•  6  -9.  Name  the  type(s)  of  fire  extinguisher(s)  you  have  in  your 

home  and  at  school. 

•  6-10.  Look  at  your  answer  to  Question  6-9.  Name  the  class  of  fire 

that  each  type  of  extinguisher  can  be  used  against. 


Some  of  the  newest  fire  extinguishers  contain  a  liquid  called  Halon. 
Halon  puts  out  a  fire  in  an  unusual  way.  It  starves  the  flame  of  a  fire 
by  interfering  with  the  chemical  reactions  between  the  fuel  and  the 
oxygen  inside  the  flame.  As  indicated  earlier,  this  is  a  fourth  way  to 
extinguish  a  fire. 

Of  course  if  you  don’t  have  a  /-/a/on-filled  fire  extinguisher  you’ll 
have  to  use  one  or  more  of  the  three  primary  ways  to  extinguish  fires. 

•  6-11.  Tell  how  Halon  puts  out  a  fire. 
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Suppose  there  isn’t  any  fire  extinguisher  available,  or  the  right  type 
of  extinguisher  isn’t  handy.  There  are  some  substitutes  you  can  use. 
A  number  of  common  materials  can  be  used  (see  Figure  6-5). 


Handy  Fire  Fighters! 


If  sand  is  available, 
throw  it  on  the  fire. 

Use  a  bucket  of 
sand  to  smother  a 
frayed  electrical 
cord  fire.  If  sand 
^  isn’t  available,  use  a 
blanket  or  baking  soda. 


Figure  6-5 


•  6-12.  Match  each  type  of  fire  with  the  fire  fighter  that  can  be  used 
against  it. 


Type  of  Fire 

a.  grease  fire 

b.  wastebasket 

c.  burning  clothes  on  child 

d.  frayed  electrical  cord  on  floor 


Fire  Fighter 

1.  water 

2.  sand 

3.  baking  soda 

4.  blanket 


Most  people  think  of  water  when  they  want  to  put  out  fires.  But  water 
on  a  grease  fire  can  cause  the  grease  to  splatter,  causing  burns  and 
other  fires.  Water  on  a  gasoline  fire  can  spread  the  fire  because 
gasoline  floats  on  water.  And  water  on  an  electrical  fire  can  result  in  a 
dangerous  electrical  shock. 


★  6-13.  Why  is  it  important  to  use  the  right  fire  extinguisher? 
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Activity  7 

Fire  Can  Kill 


PREDICTION:  During  the  next  year,  1 0,000  or  more  Americans  will  die 
as  a  result  of  fire,  and  30,000  or  more  will  be  seriously  injured. 

This  is  not  a  wild  prediction.  It  only  assumes  that  next  year  will  be 
like  past  years.  Will  you  be  a  fire  victim? 

Figure  7-1  shows  four  major  causes  of  death  and  injury  that  are 
directly  related  to  fire.  These  causes  fall  into  two  categories:  asphyx¬ 
iation  [as-FIK-see-ay-shun]  and  burns.  Asphyxiation  refers  to  death 
caused  by  a  lack  of  oxygen,  by  the  presence  of  poisonous  gases,  or  by 
other  interferences  with  normal  breathing. 


Direct  Causes  of  Injury  and  Death  in  Fires 


ASPHYXIATION 

most  frequent  cause  of  death  in  a  fire 

-|  Suffocation  from  lack  of  oxygen. 

"Air  is  normally  about  20%  oxygen.  But  fire  uses  up 
oxygen  from  the  air. 

When  air  has  only — 


17%  oxygen, 

16%  oxygen, 

thinking  is  an  effort, 

attempts  to  escape 

and  body  coordination 

may  be  the  wrong  kind 

is  difficult. 

and  may  not  work  out. 

6%-15%  oxygen, 
body  coordination  is  lost, 
and  the  onset  of 
fatigue  is  rapid. 

below  6%  oxygen, 
breathing  stops;  death 
occurs  in  6  to  8  minutes. 

2  smoke  and  poisonous  products  from 
‘  burning  Smoke  may  contain  poisonous  products 
(such  as  carbon  monoxide,  sulfur  dioxide,  and 
ammonia)  which  cause  suffocation  and  lung 
damage 


BURNS 

much  less  frequent  cause  of  death 
in  a  fire 

0  high  temperature 

"  When  temperatures 
in  a  fire  reach 
150°C  and  above — 
hot  smoke  with  high 
moisture  burns 
tissues  deep  in  the  lungs. 

And  there  is  loss  of 
consciousness.  Death  occurs 
in  minutes. 

a  flames  (least  frequent  cause 
of  death  in  a  fire) 

Many  people  do  not 

survive  when  they  have  burns  on 

50%  or  more  of  their  body. 


Figure  7-1 


•  7-1.  According  to  Figure  7-1 ,  what  is  the  most  frequent  cause  of 

death  in  a  fire? 

•  7-2.  According  to  Figure  7-1,  what  is  the  least  frequent  cause  of 

death  in  a  fire? 

•  7-3.  List  four  major  ways  that  a  fire  can  directly  cause  injury 

and  death. 

Figure  7-2  shows  a  newspaper  story  describing  a  tragic  fire. 


Local  Fire 
Kills  24; 

32  injured 

.  a.  a  local  club  late  last  night  24  pe 


A  fire  at  a  local  club ^e^ia"s  said  thafthe  building  had 
injured  32  others.  "  detection  system  and  no 

no  smoke  or  h.gh-temperat  have  controlled  the  fire  in 
sprinkler  system  which  might  have 

its  early  stages.  which  started  in  the 

j  One  expert  said  it  was  explosively  when  many 

basemen,  but  then  sudden h££ed  J >  points.  Smoke, 

\  ol  me  building's  matenals  reache  ^  f,re  accoun,ed 

lack  of  oxygen,  3rCording  to  the  county  fire 

tor  most  of  the  deaths,  accord  g 

investigator.  tried  tQ  leave  by  the  front  door 

Almost  all  the  oust  with.  Their  crowding  led  to 

the  only  exit  they  were  a  -frant,c,  bitter  struggle” 
what  some  survivors  c  choked  by  smoke  fell  to  the 

ftoo^andtw^relrarnpled^O-de^ - 


Figure  7-2 

•  7  _4.  According  to  the  news  story  in  Figure  7-2,  there  were  four 
different  causes  of  death.  Name  the  causes  and  tell 
whether  each  one  was  a  direct  or  indirect  result  of  the  fire. 
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Panic  during  fire  is  a  major  cause  of  injury  and  death.  Panic  leads  to 
crowding  and  trampling,  which  costs  many  persons  their  lives.  These 
deaths  are  indirectly  caused  by  fires.  Figure  7-3  shows  some  other 
indirect  causes  of  death  and  injury  in  fires. 


INDIRECT  CAUSES  OF  INJURY  AND  DEATH  IN  FIRES 


jumping  or  falling  from  burning  buildings 


heart  attack  due  to  overexertion  or  fear 


disease  contracted  due  to  exposure  to  severe  weather 


falling  structures  that  strike  persons  in  or  near  a  burning  building 


shock  from  witnessing  or  being  involved  in  fire 


accidents  involving  vehicles  carrying  fire  fighters 


Figure  7-3 

•  7-5.  Name  causes  of  death  or  injury  other  than  those  listed  in 
Figure  7-3  that  might  be  indirectly  related  to  fires. 
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Smoke  —  A  Quiet  Killer 

Smoke  is  a  major  hazard  in  a  fire.  Inhaled  smoke  can  lead  to 
asphyxiation.  To  find  out  how  often  asphyxiation  actually  occurs,  do 
the  following  investigation.  You  can  do  the  investigation  at  home  or  in 
your  school  library. 

Find  and  read  newspaper  articles  about  fires  that  have  occurred  in 
your  area  or  in  a  large  city  nearby.  Record  the  following  information: 


1.  The  total  number  of  casualties  (injuries  and  deaths)  that  were 
reported. 

2.  The  number  of  casualties  that  were  caused  by  smoke. 

3.  The  percentage  of  fire  casualties  that  resulted  from  smoke. 


percentage  (%)  = 


casualties  caused  by  smoke 
total  casualties 


x  100 


Report  your  results  to  your  teacher.  See  how  they  compare  with 
other  reported  results. 

•  7-6.  For  each  fire  you  collected  data  on,  what  percentage  of  the 
casualties  resulted  from  smoke? 

Smoke  and  other  gases  usually  travel  faster  than  flames.  These 
gases  may  overcome  sleeping  persons  long  before  flames  or  heat  are 
detected. 

Many  public  buildings,  newer  homes,  and  mobile  homes  have  spe¬ 
cial  fire  detectors.  In  the  presence  of  smoke  or  high  temperatures,  the 
detectors  trigger  an  alarm.  Usually  the  alarm  is  a  loud  buzzer.  This  is 
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Approved 


Fire  and  smoke  detectors  must  be  effective.  There  are  nationally 
recognized  laboratories  that  test  the  effectiveness  of  detectors  and 
other  products.  Two  such  laboratories  are  the  Underwriters  Labora¬ 
tories  (UL)  and  the  Factory  Mutual  System. 

•  7-7.  Should  you  expect  flames  from  a  fire  to  awaken  you  in  time  to 
escape?  Explain. 

Would  you  know  what  to  do  if  you  were  in  a  burning  building? 
There’s  some  good  advice  in  the  Ann  Landers  column  shown  in  Figure 
7-4.  Read  the  advice  and  then  answer  Questions  7-8  through  7-13. 


In  event  of  fire. . .  know 
these  helpful  suggestions 


Dear  Ann  Landers:  How 
would  you  like  to  save  some 
livestoday? 

Millions  of  people  read 
your  column.  Please  print 
these  suggestions  on  what  to 
do  in  case  of  fire.  Ask  your 
readers  to  post  them  some¬ 
where  in  the  house  for  all  to 
see.  Taping  them  to  the  re¬ 
frigerator  is  a  good  idea. 

I  read  these  suggestions  in 
Look  magazine  in  1971.  I 
then  had  them  retyped  when 
the  article  became  too  ragged 
to  read.  Now  I’d  like  to  clip 
it  from  Ann  Landers’  column 
and  post  it  again.  How  about 
it? 

Faithful  Fan. 

Dear  Fan:  Here  it  is.  Start 
clipping.  And  thank  you  in 
behalf  of  those  whose  lives 
may  be  saved  because  you 


took  the  time  and  trouble  to 
write. 

1.  When  a  fire  breaks  out 
in  your  home  or  office,  get 
out  immediately.  A  fire  can 
spread  faster  than  you 
can  run.  Even  if  you  smell 
smoke,  getout. 

2.  If  you  find  smoke  in  an 
open  stairway  or  hall,  use 
anotherpre-planned  way  out. 

3.  If  you  escape  through 
smoke,  stay  near  the  floor 
where  the  air  is  better.  Take 
short  breaths.  Breathe 
through  your  nose,  and  crawl 
to  an  exit. 

4.  Make  sure  your  family 
knows  the  quickest  and  safest 
ways  to  escape  from  every 
room  in  the  house.  Keep  a 


flashlight  in  all  rooms  to  help 
escape  at  night.  Make  sure 
children  can  open  doors, 
windows  and  screens  to  the 
escape  routes.  Teach  your 
children  how  to  use  the  phone 
to  report  a  fire.  And  they 
should  know  where  the  alarm 
box  is  in  the  neighborhood. 

5.  Head  for  stairs — not  the 
elevator.  A  bad  fire  can  cut 
off  the  power  to  elevators. 
An  elevator  could  also  deliver 
you  to  the  fire  floor. 

6. Don’tjump.  Many  people 
have  jumped  and  died  without 
realizing  rescue  was  only  a 
few  minutes  away. 

7.  If  you  are  trapped  in  a 
smoke-filled  room,  stay  near 
the  floor  where  the  air  is  bet¬ 
ter.  If  possible,  sit  by  a  win¬ 


dow  where  you  can  call  for 
help.  Open  it  at  the  top  and 
bottom.  Heatandsmoke will 
go  out  the  top.  You  can 
breathe  at  the  bottom. 

8.  Feel  every  door  with  your 
hand.  If  it’s  hot,  don’t  open 
it.  If  it’s  cool,  make  this  test: 
open  slowly  and  stay  behind 
the  door.  If  you  feel  heat  or 
pressure  coming  through  the 
open  door,  slam  it  shut. 

9.  Ifyoucan’tgetout,  stay  be¬ 
hind  acloseddoor.  Anydoor 
will  serve  as  a  shield. 

10.  If  there  is  a  panic  for  the 
main  exit,  get  away  from  the 
mob.  Try  to  find  another  way 
out.  Once  you  are  safely  out, 
don’t  go  back  in.  Call  the  fire 
department.  Use  alarm  box  or 
telephone.  In  the  country,  be 
sure  you  know  the  number  of 
the  closest  volunteer  fire 
department.  Never  assume 
someone  else  has  turned  in  the 
alarm. 


Figure  7-4 


★  7-8.  What’s  the  first  thing  you  should  do  if  a  fire  breaks  out 

in  the  building  that  you’re  in? 

★  7-9.  Suppose  smoke  is  blocking  your  escape  from  a  burn¬ 

ing  building.  What  should  you  do? 

★  7-10.  Suppose  you’re  trying  to  leave  a  burning  building. 

How  should  you  test  the  doors  that  you  have  to  use  to 
escape? 
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•  7-11.  When  there’s  a  fire,  who  should  call  the  fire  department? 

•  7-12.  What  should  you  do  if  you’re  trapped  in  a  burning 

house  and  there’s  no  way  to  get  out? 

•  7-13.  What  is  the  telephone  number  to  use  for  reporting  a  fire  in 

your  home?  In  your  school?  Where  can  you  find  these 
numbers  if  you  forget  them? 


Activity  8 

Boom! 


In  this  activity,  you’ll  investigate  different  kinds  of  explosions.  For  the 
first  explosion,  you’ll  need  a  small  paper  or  plastic  bag. 


Warn  your  neighbors  to  protect 
their  ears. 


A.  Blow  as  much  air  into  the  bag 
as  you  can.  Then  with  one 
hand,  hold  the  top  of  the  bag 
very  tightly  closed  to  trap  the 
air  inside.  Keep  the  bag 
away  from  your  face  and 
ears,  and  away  from  other 
persons. 

B.  Holding  your  other  hand 
open,  hit  the  bag  quickly  with 
a  very  hard  blow. 


Was  there  a  loud  noise  and  did  the  bag  split  open?  If  not,  try  it 
again.  If  so,  then  you  just  witnessed  a  safe  explosion. 

What  made  this  an  explosion?  There  was  gas  trapped  in  the  bag. 
The  blow  of  your  hand  on  the  bag  caused  a  very  fast  buildup  in  gas 
pressure.  The  bag  couldn’t  take  all  the  pressure.  It  suddenly  ripped 
open,  releasing  the  gas.  The  sudden  release  of  gas  caused  a  shock 
wave  in  the  surrounding  air.  The  shock  wave  caused  the  noise  you 
heard. 
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What  happens  when  you  slowly  push  your  hand  against  an  air-filled 
bag?  Find  out.  Get  another  small  bag,  either  paper  or  plastic. 


C.  Repeat  Step  A.  Holding  your 
other  hand  open,  push 
slowly  but  firmly  on  the  walls 
of  the  bag  until  the  bag 
breaks. 


When  you  pushed  slowly  against  the  air-filled  bag,  there  was  a  much 
slower  buildup  of  pressure.  Probably  the  bag  tore  open,  but  without  a 
loud  noise. 

•  8  -1 .  How  does  the  speed  of  pressure  buildup  inside  a  paper  or 
plastic  bag  affect  whether  there’s  an  explosion  with  a  loud 
noise  or  just  a  tear  in  the  bag? 

The  exploding  bag  has  one  thing  in  common  with  all  explosions 
that  result  from  burning  (ignition)  —  a  very  rapid  buildup  of  gas 
pressure.  All  ignition  explosions  are  the  result  of  a  rapid  buildup  of 
gas  pressure. 
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You’ve  probably  seen  explosions  on  television  or  in  the  movies.  If 
you  looked  closely,  you  saw  materials  breaking  up  and  rapidly  moving 
away  from  the  point  of  the  explosion.  Figure  8-1  shows  the  result  of  a 
rapid  buildup  of  pressure  in  an  explosion. 


V 


Figure  8-1 


In  Figure  8-1,  there  was  an  explosive  substance  in  the  small  shed. 
This  explosive  substance  suddenly  ignited  and  changed  to  a  gas 
producing  high  pressure.  The  very  fast  increase  in  gas  pressure 
exerted  great  force  against  the  walls  and  roof  of  the  shed.  This 
sudden  force  blew  the  shed  apart. 

★  8-2.  What  condition  do  all  ignition  explosions  have  in 
common? 

Explosions  can  result  from  gas  formation  during  very  rapid  burning. 
You  can  produce  such  a  reaction  yourself.  The  reaction  will  be  done 
without  a  container  to  avoid  the  danger  of  flying  pieces  of  broken 
container.  So  the  reaction  will  be  a  safe  "mini”  boom,  not  a  dangerous 
explosion. 


CORE  39 


You’ll  need  to  use  a  Bunsen  burner  in  this  investigation.  If  you  don’t 
know  how  to  use  one,  do  Resource  Unit  17.  Then  do  the  investiga¬ 
tion.  It  will  take  about  10  minutes.  You’ll  need  the  following  items: 

safety  goggles 
teaspoon 

lycopodium  powder 
asbestos  pad 
nail 

soda  straw 
paper  towel 
Bunsen  burner 
matches 


_ 


This  investigation  must  be  done  in 
a  special  protected  area  of  the 
room.  If  you  don’t  know  where  the 
area  is,  ask  your  teacher. 


A.  Put  a  spoonful  of  lycopodium 
powder  on  the  asbestos  pad. 
With  the  head  of  a  nail,  push 
some  powder  into  one  end  of 
the  soda  straw.  Fill  about  2 
cm  of  the  straw  with  powder. 

B.  Using  the  head  of  the  nail, 
push  the  column  of  powder 
farther  into  the  straw  so  that  it 
is  about  2  cm  from  the  end  of 
the  straw.  With  the  paper 
towel,  gently  wipe  off  any 
powder  sticking  to  the  out¬ 
side  of  the  straw.  Put  the 
straw  aside.  Don’t  spill  the 
powder! 


j.&'VEznn: 
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Before  doing  Step  C,  be  sure  that 
there’s  no  one  near  the  burner  and 
that  all  flammable  items  have  been 
removed.  Also,  in  Step  C,  breathe 
only  through  your  nose  when  the 
straw  is  in  your  mouth.  Be  sure  to 
wear  your  safety  goggles. 


C.  Light  the  burner.  Gently  lift 
the  straw  and  put  the  end 
without  the  powder  into  your 
mouth.  Then,  keeping  your 
face  at  least  50  cm  from 
the  flame,  blow  the  powder 
into  the  flame.  Observe 
what  happens.  Turn  off  the 
burner. 


lycopodium  powder 


Bunsen  burner 


•  8  -3.  Describe  what  happened  when  you  blew  the  powder  into 

the  flame  of  the  burner.  Explain  why  it  happened. 

Remember,  explosions  from  burning  occur  when  there’s  a  very 
rapid  buildup  of  gas  pressure.  You  caused  an  ignition  explosion 
when  you  blew  powder  into  the  flame.  The  powder  ignited  and  in¬ 
stantly  produced  lots  of  gas.  The  gas  pushed  outward  against  the 
surrounding  air.  This  sent  a  shock  wave  to  your  ears  and  you  heard 
poof. 

•  8-4.  Suppose  a  powder  was  ignited  within  a  closed  con¬ 

tainer  and  lots  of  gas  was  produced.  Predict  what 
would  happen  to  the  gas  pressure  inside  the  container. 
Predict  what  might  happen  to  the  container. 

When  substances  burn,  atoms  are  rearranged  rapidly  to  form  gases. 
Usually  heat  is  given  off.  For  some  chemicals,  the  volume  of  gas 
produced  is  tremendous  compared  to  the  volume  occupied  by  the 
starting  materials.  That  is  why  there  is  a  sudden  and  tremendous 
buildup  of  pressure.  Anything  near  such  a  reaction  will  feel  the  effects 
of  the  heat  energy  and  pressure. 

•  8-5.  Explain  why  it  is  dangerous  to  mix  chemicals  when  you 

have  no  idea  whether  they  may  react  rapidly  to  form  gases. 
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Things  that  in  one  situation  burn  rather  slowly  can  also  burn  explo¬ 
sively.  Remember  what  happened  to  the  lycopodium  powder  when 
it  was  blown  into  a  flame?  This  powdered  fuel  burned  explosively. 
What  if  all  the  powder  had  been  together  in  a  pile?  Would  it  have 
burned  explosively?  Find  out.  The  investigation  will  take  about  5 
minutes  to  do.  Get  the  following  items: 

safety  goggles 
lycopodium  powder 
teaspoon 
asbestos  pad 
Bunsen  burner 
matches 

^rrVTjrjTTYTTk  Use  a  Bunsen  burner,  not  an  al- 
SgjX/w m  cohol  burner,  for  this  investigation. 


•  8-6.  Describe  what  you  observed  when  you  tried  to  burn  the 
powder. 
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In  finely  powdered  fuel,  or  dust,  all  the  individual  particles  can  reach 
their  ignition  point  more  quickly  than  in  a  pile  of  powder.  Also,  there  is 
more  space  between  the  particles  in  the  dust.  So  oxygen  can  get 
close  to  each  particle.  Thus,  fine  powder  ignites  and  burns  more 
easily  and  quickly  than  when  packed  in  a  pile. 

In  flour  mills,  there  is  always  the  danger  of  a  flour-dust  explosion. 

And  in  other  industries,  combustible  dust  that’s  produced  —  such  as 
wood  dust  or  cloth  fibers  —  can  explode  if  a  spark  reaches  the  dust 
particles.  Dust  explosions  occur  frequently.  Stories  like  the  one 
shown  in  Figure  8-2  often  appear  in  newspapers. 

EXPLOSION  AT  LOCAL  PLANT 

An  explosion  today  at  the  particle  board  plant  k  ^  WBed 

person  and  injured  several  others^  ™  ma^ 

operating  the  wood-gnn  |"9  m  dQor  off  the  grinding 
The  explosion  blew  a  la  g  door  t0  the  factory. 

Si  explosion  ntade^a  noise  1^ 

s'"rrndirsma« «« «« ^ 

flameS'  „f  the  factory  said  a  spark  apparently  ignited 

The  owner  of  the  factory  h-  e  A  device  on 

wood  dust  inside  the  woo  -gm  g  from 

grinder  which  is  supposed  to  prevent 

occurring  apparently  failed  to  operate. 


Figure  8-2 

★  8-7.  Why  is  finely  ground  fuel-dust  that’s  blown  into  the  air 

likely  to  be  more  explosive  than  a  chunk  of  fuel? 

★  8-8.  In  your  notebook,  supply  the  missing  information  for 

a-f.  An  explosion  is  a  rapid  ignition  of  (a).  This  igni¬ 
tion  produces (b)  and  (c).  A  rapid  buildup  of(d)  occurs 
that  can  cause  a  container  (if  there  is  one)  to  (e).  A 
shock  wave  may  also  result,  causing  a  (f). 
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Activity  9 

For  Safety's  Sake 


How  well  can  you  detect  fire  hazards?  Carefully  examine  each  of  the 
hazard-situations  shown  in  Figure  9-1.  Then  answer  Questions  9-1 
through  9-4. 


FIRE  HAZARDS 


1 .  Electrical  sparks  or  heat  from 
frayed  electrical  cords 
can  set  nearby  substances  on  fire. 


■A' 


vjth 


Electrical  cords  under  rugs  or  over  door¬ 
ways  or  nails  can  fray,  short  circuit, 
and  start  a  fire. 


Heat  sources  too  near  electrical  cords 
can  burn  or  melt  insulation  on  the  cord 
and  then  start  a  fire. 


mm 


10.  Don’t  use  flammable  liquids  near 
flames  or  high  temperatures— 
the  fumes  may  ignite  and  explode. 


|11.  Use  flammable  liquids  in  well- 
ventilated  areas  so  that  fumes  won’t 
build  up  and  explode. 


12.  Keep  containers  for  flammable  liquids 
in  an  airy  spot  away  from  children. 
Flammable  liquids  are  poisonous. 


4.  Too  many  plugs  in  one  outlet  can  cause 
the  wires  to  heat  up  and  set  fire  to 
material  inside  the  walls. 


a 


13.  Store  only  small  amounts  of  flamma¬ 
ble  liquids  in  closed  metal  or  special 
plastic  containers. 


5.  Paper,  cloth,  and  other  cumbustibles 
should  not  be  placed  near  heat 
sources— fire  may  result. 


f  f 


14.  Store  oily  rags  in  closed  metal  con¬ 
tainers  away  from  heat  sources  or 
flammable  liquids. 


6.  A  higher-wattage  bulb  than  recom¬ 
mended  can  give  off  enough  heat  to  burn 
the  lamp  shade. 


15.  Let  gasoline  engines  cool  before  add¬ 
ing  gas.  Don’t  use  gas  to  start  fires — 
the  fumes  could  explode. 


a 


7.  Put  matches  out  of  reach  of  children 
who  could  accidentally  start  a  fire. 


16.  Never  add  starter  fluid  to  hot 
coals— the  flames  can  travel  up  the 
stream  to  the  container,  causing 
an  explosion. 


8.  Never  smoke  in  bed.  A  lit  cigarette  and 
a  sleeping  person  could  mean 
disaster! 


17.  A  metal  fire  screen  should  be 
used  with  a  fireplace.  Hot  sparks 
could  fly  and  set  fire  to 
nearby  substances. 


9.  Let  ashes  cool  overnight  before  dis¬ 
posal  into  metal  containers.  Position 
cigarettes  to  fall  into  ashtrays. 


Flammable  liquids  should  not 
be  used  to  clean  hands— the 
fumes  may  irritate  the  skin  or  may 
ignite. 


Figure  9-1 
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★  9-1.  What  danger  could  exist  by  keeping  matches  handy,  in 

easy-to-reach  places? 

•  9  -2.  Why  is  it  dangerous  to  place  electrical  cords  out  of  sight 

under  rugs  or  carpets? 

•  9  -3.  Why  is  it  dangerous  to  pour  starter  fluid  on  burning  coals? 

★  9-4.  Why  is  it  dangerous  to  use  flammable  liquids  near  (but 

not  really  touching)  a  flame  or  heat  source? 


Did  you  ever  hear  the  saying,  "An  ounce  of  prevention  is  worth  a 
pound  of  cure’’?  Apply  the  saying  to  fires  and  explosions.  That  is, 
check  your  home  for  all  the  things  that  could  cause  a  fire  or  explosion. 
Become  a  home  fire  marshal  for  a  day! 

Get  a  Hazard  Checklist.  If  there’s  none  available,  ask  your  teacher 
for  one.  Use  the  Hazard  Checklist  and  Figure  9-1  to  check  your 
home  for  potential  fire  or  explosion  hazards.  Analyzing  your  home 
might  take  a  short  time,  or  you  might  want  to  make  a  project  out  of  it. 

•  9  -5.  Name  the  fire  hazards  that  you  found  in  your  home. 

•  9  -6.  What  would  you  do  to  eliminate  each  hazard  you  found  in 

your  home? 

•  9  -7.  Suppose  you  found  hazards  that  were  caused  by  people 

doing  something  potentially  dangerous.  Would  you  try  to 
correct  their  behavior,  or  would  you  hesitate?  Explain. 

•  9-8.  Look  at  Figure  9-2.  Tell  whether  each  situation  (a-d)  is 

safe  or  unsafe. 


Figure  9-2 


Activity  10 

Just  in  Case! 


Whether  you  live  in  a  house,  an  apartment,  a  mobile  home,  or  a 
houseboat,  you  need  to  know  how  to  get  out  in  case  of  fire.  A  fire  is  an 
emergency.  And  it’s  easy  to  panic  and  make  mistakes  in  emergen¬ 
cies.  The  only  way  to  prevent  panic  is  by  planning  ahead.  In  this 
activity,  you’ll  plan  how  to  escape  in  case  of  fire. 
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Find  Two  Escape  Routes 

Most  home  fires  that  cause  death  start  while  people  are  asleep. 
Often  the  usual  exits  (doors,  stairs)  are  blocked  with  smoke  or  heat. 
Thus,  it’s  a  good  idea  to  have  two  escape  routes  from  each  bedroom. 
Then  if  the  usual  exit  is  cut  off  by  fire  or  smoke,  the  other  route  can  be 
used. 

•  10-1.  How  many  bedrooms  does  your  home  have? 

•  10-2.  For  each  bedroom  in  your  home,  draw  an  Escape  Floor 

Plan.  (Follow  the  steps  in  Figure  10-1.)  Use  a  small  piece 
of  paper  or  index  card  for  each  floor  plan. 


STEP  1 

Make  an  outline  (floor  plan)  of  each 
bedroom 

(drawings  need  not  be  exact). 

Show  the  windows, 

bed,  and  door  (normal  escape). 

Select  the  best  window 

(or  other  way)  for  an 

emergency  escape. 

STEP  2 

Complete  the  Escape  Floor  Plan. 

(?)  Show  the  normal  escape. 

@  Show  an  emergency 
escape. 


Figure  10-1 

Show  your  Escape  Floor  Plans  to  your  teacher.  Then  be  sure  to 
display  each  plan  in  the  appropriate  bedroom.  The  plans  must  be 
placed  in  conspicuous  places  —  where  they  can  always  be  seen. 

The  second  escape  route  (the  emergency  one)  may  require  some 
special  preparations.  For  instance,  if  the  route  includes  an  upstairs 
window,  you  may  have  to  supply  a  window  escape  ladder.  And  there 
may  be  things  that  must  be  done  to  the  window.  If  the  window  is  kept 
locked,  make  sure  everyone  knows  how  to  unlock  it.  Decide  what  to 
do  about  storm  windows  and  screens. 

In  planning  escape  routes,  you  must  plan  for  special  help  for  infants 
or  other  people  who  cannot  move  quickly  by  themselves.  Sometimes 
a  special  escape  route  must  be  planned  for  these  people. 

If  in  doubt  about  any  item  of  your  plan,  ask  someone  in  the  local  fire 
department  for  advice. 
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Family  Discussion  of  Escape  Plans 

After  you  plan  the  escape  routes,  your  next  job  is  to  discuss  some 
escape  plans  with  your  family.  As  a  guide  for  the  discussion,  use  the 
Family  Escape  instructions  in  Figure  10-2.  After  your  discussion, 
answer  Questions  10-3  through  10-5  (page  48). 


FAMILY  ESCAPE  INSTRUCTIONS 


1 .  Keep  bedroom  doors  closed  at  night.  A  door  can  hold 
back  deadly  smoke,  heat,  and  gases  until  you  can  use 
your  emergency  escape.  This  door  can  be  a  lifesaver! 


2.  Agree  how  to  wake  up  all  the  family  in  case  fire  cuts 
off  your  doorway.  Consider  pounding  on  walls  or  ceiling, 
hollering,  using  a  whistle,  etc. 

If  you  have  an  automatic  fire-detection  alarm  system 
for  the  home,  it  can  give  an  early  warning.  Only  use 
an  alarm  system  that  shows  the  seal  of  a  nationally 
recognized  testing  organization,  such  as  UL  or  FM. 


3.  Don't  waste  time  getting  valuables,  getting  dressed, 
or  fighting  the  fire.  Get  everyone  out! 


4.  Test  doors  before  opening  them.  First,  check  to  see 
if  the  door  is  hot,  or  if  smoke  is  leaking  in  at  the  edges 
of  the  door.  If  so,  don’t  open  it.  Use  your  emergency 
route!  If  you  think  it’s  safe,  open  the  door  cautiously, 
staying  behind  it.  Brace  yourself  against  the  door.  Be 
ready  to  slam  it  shut  if  heat  rushes  in. 


6.  Call  the  fire  department  quickly,  from 
a  street  alarm  box  or  a  neighbor's 
phone.  (Don’t  go  back  into  your 
house  to  use  your  phone.) 


Figure  10-2 
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•  10-3.  What  signal  will  your  family  use  if  there’s  a  fire  at  home? 

•  10-4.  Exactly  where  will  your  family  gather  outside? 

•  10-5.  Where  is  the  closest  fire  alarm  box  to  your  home?  Ifthereis 

no  fire  alarm  box  nearby,  how  will  you  turn  in  the  alarm? 


Practice  Fire  Drill 

After  your  escape  plan  has  been  made  and  discussed  with  your 
family,  there’s  one  more  important  thing  to  do.  Practice  the  plan!  If  a 
fire  occurs  at  night,  everyone  must  react  quickly,  correctly,  and  au¬ 
tomatically.  There  should  be  no  panic.  Now  practice  your  fire  drill 
with  your  family.  Go  through  the  drill  at  least  twice.  Use  both  the 
regular  escape  route  and  the  emergency  escape  route. 

Figure  10-3  shows  the  four  steps  of  a  good  fire  drill.  Practice  the 
steps! 


FIRE  DRILL! 


NOW  PRACTICE— 


Alert  your  neighbors 
that  you’re  having 
a  drill.  Fire  drills 
make  you  practice 
using  escape  routes. 

Then,  in  a  fire  crisis, 
each  person  acts 
correctly.  (There  are 
no  panic  mistakes.) 

Have  an  Escape  Floor 
Plan  for  each 
bedroom  (2  exits). 


Figure  10-3 


1.  Everyone  in  bedrooms. 
Doors  closed. 


2.  Sound  the  alarm 
You  might  give 
a  child  practice 
in  sounding  the 
alarm. 


Action:  out  of  bed;  feel  the  door  before  opening  it. 

SECOND  DRILL: 
Imagine  the  door 
is  hot!  Use  the 
emergency  exit. 


FIRST  DRILL: 
Escape  through 
the  regular  exit. 


4.  Are  all  persons  accounted  for 
at  the  outside  meeting  place? 


•  10-6.  Most  people  are  embarrassed  to  do  fire  drills  in  their  own 
homes.  Describe  how  you  helped  your  family  overcome 
embarrassment  to  practice  the  fire  drill. 


•  10-7.  Schools  have  regular  fire  drills.  How  do  you  know  whereto 
go  when  the  fire  alarm  rings?  Is  there  a  plan? 
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Activity  11 

Advanced 

Planning 


Activity  12  Page  50 


Activity  13  Page  53 

Objective  13-1 :  Describe  the  effect 
on  the  products  of  a  burning  reac¬ 
tion  when  the  amount  of  fuel  or 
oxygen  is  varied. 

Sample  Question:  During  burning, 
what  happens  if  there  is  not  quite 
enough  oxygen  present  in  the  air  to 
cause  complete  combustion  of  a  sub¬ 
stance  containing  carbon .? 

a.  The  flames  go  out  immediately. 

b.  CO  is  formed  in  addition  to  CO 2. 

c.  More  heat  energy  and  less  light 
energy  are  produced. 


Objective  12-1:  Explain  why  burn¬ 
ing  is  classified  as  an  oxidation- 
reduction  reaction. 

Sample  Question:  What  happens 
when  a  burning  reaction  occurs? 

a.  One  kind  of  atom  gains  electrons 
and  another  kind  loses  electrons. 

b.  Oxygen  atoms  lose  electrons. 

c.  There  are  fewer  electrons  in  the 
products  of  burning  than  in  the 
substances  that  burned. 


Objective  13-2:  Design  and  carry 
out  an  experiment  that  tests  what 
effect  varying  the  amount  of  oxy¬ 
gen  or  fuel  has  on  the  products  of  a 
burning  reaction. 

Sample  Question:  Write  an  hypoth¬ 
esis  for  an  experiment  designed 
to  test  what  effects  there  would  be  on 
the  products  of  the  burning  fuel 
(methane)  of  a  Bunsen  burner  if  the 
amount  of  oxygen  entering  the  burner 
was  varied. 

Activity  14  Page  59 
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Objective  14-1 :  Explain  what  activa¬ 
tion  energy  is,  how  it  is  related  to 
other  energy  changes  in  a  burning 
reaction,  and  how  it  is  affected  by  a 
catalyst. 

Sample  Question:  What  is  the  activa¬ 
tion  energy  of  any  burning  reaction? 

a.  the  amount  of  energy  needed  to 
break  chemical  bonds  in  the  fuel 
and  oxygen 

b.  the  amount  of  heat  energy  released 
as  a  substance  burns 

c.  the  chemical-bond  energy  of  sub- 
'  stances  produced  in  a  burning 

reaction 


Answers 

12-1.  a  13-1.  b  13-2.  See  your  teacher 

14-1.  a 


hqT  TJ>  Activity  1 2 

Redox 


There  are  different  ways  that  atoms  can  combine  in  chemical  reac¬ 
tions.  Burning  reactions  are  examples  of  oxidation-reduction 
reactions.  The  term  redox  [REE-docks]  is  a  nickname  for  /'eduction- 
oxidation  reactions. 

If  you  don’t  know  about  oxidation  and  reduction,  look  them  up  in  the 
index  of  the  minicourse  Actions  and  Reactions. 


•  12-1.  What  is  oxidation?  What  is  reduction? 


In  most  fires,  two  things  are  occurring  at  the  same  time. 

Hydrogen  and  oxygen  are  combining,  producing  water  and  energy 
(heat  and  light). 

Carbon  and  oxygen  are  combining,  producing  carbon  dioxide  and 
energy  (heat  and  light). 


One  of  the  things  that  happens  during  these  combinations  is  a 
give-and-take  of  electrons  between  atoms. 


. © 


Electrons  are  negative. 


The  atoms  become  more  positive. 


The  atoms 
become  more  negative. 
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In  a  particular  reaction,  some  atoms  are  electron  "givers”  and  some 
atoms  are  electron  "takers.”  This  gaining  and  losing  of  electrons 
sometimes  depends  on  unequal  electron-sharing  between  atoms. 
One  atom  “takes”  more  than  its  share  of  the  shared  electrons;  the  other 
atom  "gives  up”  more  than  its  share  of  the  shared  electrons. 
Here  is  a  handy  rule  to  remember  in  deciding  which  atoms  are  most 
likely  to  gain  electrons: 

Rule:  Fluorine  is  the  greediest  element  of  all  for  taking  electrons  from 
other  atoms.  Find  where  F  (fluorine)  appears  in  the  periodic  table 
shown  in  Figure  12-1.  An  element  that’s  far  from  F  in  the  periodic 
table  is  less  greedy  for  electrons  than  an  element  that’s  close  to  F. 

•  12-2.  Which  elements  are  closest  to  F  in  the  periodic  table? 


H 


Li 


Na 


K 


Rb 


Be 


Mg 


Ca 


Sr 


A  PERIODIC  TABLE  OF  THE  ELEMENTS 


Sc 


Y 


Ti 


Zr 


Nb 


Cr 


Mo 


Mn 


Tc 


Fe 


Ru 


Co 


Rh 


Ni 


Pd 


Cu 


Ag 


Zn 


Cd 


B 


Al 


Ga 


In 


Si 


Ge 


Sn 


N 


As 


Sb 


Se 


Te 


Cl 


Br 


I 


He 


Ne 


Ar 


Kr 


Xe 


Cs 


Ba 


La 


Ce 


Pr 


Nd 


PmSm 


Eu 


Gd 


Tb 


Dy 


Ho 


Er  Tm 


Yb 


Lu 


Hf  Ta  W  Re  Os  Ir  Pt  Au  Hg  TI  Pb  Bi  Po  At  Rn 


Fr 


Ra 


Ac 


Th 


Pa 


U 


Np 


Pu 


AmCm  Bk 


Cf 


Es 


Fm 


Md 


No 


Lr 


'All  elements  right  of  dark  line  are  nonmetals. 


Figure  12-1 


The  elements  He,  Ne,  and  Ar  don’t  react  with  much  of  anything.  But 
the  elements  0,  S,  and  Cl  are  a  different  story.  Each  one  is  greedy  for 
electrons.  Next  to  F,  the  greediest  electron  gainers  are  oxygen  and 
chlorine. 


not  greedy  for  electrons 


•  12-3.  Where  is  hydrogen,  H,  located  in  the  periodic  table  (close  to 

or  far  from  fluorine)? 

•  12-4.  From  its  location  in  the  periodic  table,  would  you  expect 

hydrogen  to  be  greedy  for  electrons? 
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During  the  redox  reactions,  atoms  that  gain  electrons  are  said  to  be 
reduced.  Atoms  that  lose  electrons  are  said  to  be  oxidized.  The 
burning  of  hydrogen  with  oxygen  is  a  redox  reaction.  This  reaction  is 
part  of  practically  all  fires  most  people  have  seen.  The  following 
equation  shows  what  happens  when  hydrogen  burns. 

2H2  +  02  — >  2H20  +  energy 

•  12-5.  Consider  what  happens  when  hydrogen  burns. 

a.  Which  element  (H  or  0)  would  you  expect  to  take  more 
than  its  share  of  electrons? 

b.  Which  element  would  you  expect  to  give  up  some  of  its 
share  of  electrons? 

c.  Which  element  is  oxidized?  Which  element  is  reduced? 


If  you  are  unsure  of  the  answers,  refer  to  the  Rule  on  page  51. 
The  burning  of  carbon  with  oxygen  is  another  redox  reaction.  This 
reaction  is  also  part  of  practically  every  fire.  The  following  equation 
shows  what  happens  when  carbon  burns. 

C  +  02  — >  C02  +  energy 

•  12-6.  Consider  what  happens  when  carbon  burns. 

a.  Which  element  (C  or  O)  would  you  expect  to  take  more 
than  its  share  of  electrons? 

b.  Which  element  would  you  expect  to  give  up  some  of  its 
share  of  electrons? 

c.  Which  element  is  oxidized?  Which  element  is  reduced? 


If  you  are  unsure  of  the  answers,  refer  to  the  Rule  on  page  51. 
Redox  reactions  that  produce  lots  of  energy  in  the  form  of  heat  and 
light  are  usually  called  burning.  These  reactions  happen  rapidly. 

★  12-7.  Wood  is  made  mostly  of  carbon  and  hydrogen.  In  a 

campfire,  wood  reacts  with  oxygen  in  a  redox  reaction. 

a.  Which  element(s) — C,  H,  or  0 — gains  electrons? 

b.  Which  element(s)  loses  electrons? 

★  12-8.  Steel  wool  is  mostly  iron,  Fe.  When  steel  wool  burns, 

which  element  (Fe  or  O)  would  you  expect  to 

a.  gain  more  than  its  share  of  electrons  and  be  re¬ 
duced?  Why? 

b.  give  up  more  than  its  share  of  electrons  and  be 
oxidized? 

★  12-9.  Explain  why  burning  reactions  involving  oxygen  are 

called  oxidation-reduction  reactions. 
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Activity  13 

Ashes  and  Gases 


In  fires,  more  injuries  and  deaths  are  caused  by  smoke  and  gases  than 
by  flames.  What  are  these  dangerous  gases?  Are  they  produced  in 
all  burning  reactions? 

In  this  activity,  you’ll  investigate  some  of  the  gases  produced  by 
burning  reactions.  You’ll  need  to  use  a  Bunsen  burner.  If  you  don’t 
remember  how  to  use  one,  do  Resource  Unit  17  now.  Then  do  the 
investigation.  It  will  take  about  20  minutes.  Get  the  following  items: 

safety  goggles 
beaker  or  container 
cold  water 
Bunsen  burner 
matches 
test-tube  holder 
test  tube  with  stopper 
paper  towel 
graduated  cylinder 
limewater 


Use  a  Bunsen  burner  only.  Do  not 
use  an  alcohol  burner. 

Be  careful  when  stoppering  the 
test  tube  in  Step  A.  The  tube  open¬ 
ing  is  very  hot. 


A.  Fill  the  beaker  about  2/3  full  of 
cold  water.  Then  light  the 
burner  and  adjust  it  for  a  blue 
flame.  Using  the  test-tube 
clamp,  hold  the  open  end  of 
the  empty  test  tube  over  the 
flame  for  about  5  seconds. 
Then  remove  the  tube  from 
the  flame  and  quickly  stopper 
the  tube.  Put  the  test  tube  in 
the  beaker  of  cold  water. 
Turn  off  the  burner. 
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B.  When  the  test  tube  is  cool 
enough  to  handle,  wipe  off  all 
the  water  from  the  outside  of 
the  tube.  Observe  the  con¬ 
tents  of  the  test  tube. 

C.  Remove  the  stopper  from  the 
test  tube.  Using  a  graduated 
cylinder,  quickly  add  5  ml  of 
limewater  to  the  test  tube. 
Then  restopper  the  tube. 
Shake  the  test  tube  gently 
and  observe  the  contents. 


•  13-1.  In  Step  B,  what  did  you  observe  inside  the  test  tube? 

•  13-2.  In  Step  C,  what  did  you  observe  inside  the  test  tube? 
Limewater  turns  milky  when  it  reacts  with  carbon  dioxide,  CO2. 

•  13-3.  What  conclusion  can  you  make  about  the  presence  of  car¬ 

bon  dioxide  inside  the  test  tube? 

The  natural  gas  fuel  for  a  Bunsen  burner  is  mostly  methane,  ChU. 
When  there  is  plenty  of  oxygen  (or  air),  methane  burns  completely  to 
form  CO2  (carbon  dioxide)  and  H2O  (water).  When  you  adjust  the 
burner  to  make  a  blue  flame,  the  burner  gets  plenty  of  oxygen  mixed 
with  the  methane  fuel.  This  causes  the  methane  to  burn  completely. 
The  chemical  equation  for  the  complete  burning  reaction  of  methane 
and  oxygen  could  be  stated  as  follows: 

CH4  +  202  — »  C02  +  2H20 
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13  -4.  In  the  investigation,  what  evidence  did  you  have  that  H2O 
was  produced  when  methane  burned  in  plenty  of  oxygen? 


•  13-5.  In  the  investigation,  what  evidence  did  you  have  that  CO2 

was  produced  when  methane  burned  in  plenty  of  oxygen? 

The  carbon  dioxide  gas  produced  by  burning  is  not  usually  con¬ 
sidered  to  be  a  poisonous  gas.  However,  for  carbon  dioxide  to  be 
produced  in  a  fire,  some  of  the  oxygen  in  the  air  must  be  used  up.  If 
too  much  oxygen  in  a  room  is  used  up,  a  person  in  that  room  can  be 
asphyxiated. 

Other  gas  products  of  burning  are  more  dangerous  than  carbon 
dioxide.  Can  these  gases  be  produced  when  methane  burns?  Look 
at  the  equation  forthe  complete  burning  of  methane  and  oxygen  (page 
54).  Carbon  dioxide  and  water  were  produced  in  that  situation.  For 
other  gases  to  be  produced,  the  burning  situation  would  have  to  be 
different.  The  burning  situation  could  be  related  to  the  amount  of 
methane  or  the  amount  of  oxygen  or  both.  So  the  question  is,  does 
changing  the  amount  of  methane  or  the  amount  of  oxygen  change  the 
products  of  metnane  burning? 

•  13-6.  With  a  Bunsen  burner,  how  can  you  change 

a.  the  amount  of  methane  available  for  burning?  (Hint:  Is 
there  a  way  to  adjust  the  flow  of  gas?) 

b.  the  amount  of  oxygen  available  for  burning?  (Hint:  Is 
there  a  way  to  adjust  the  intake  of  air?) 

Because  of  the  design  of  a  Bunsen  burner,  you  can’t  increase  the 
flow  of  methane  gas  without  also  increasing  the  flow  of  oxygen.  But 
you  can  do  this  with  some  other  burners.  If  only  the  amount  of  fuel 
(methane  gas)  is  increased,  then  there  is  an  excess  of  hydrogen  and 
carbon  compared  to  oxygen  available  for  burning.  Thus,  more  soot 
(unburned  carbon)  forms  as  a  product  of  burning. 


★  13-7.  Suppose  in  a  gasoline  engine,  there’s  an  excess  of  fuel 
present  compared  to  the  amount  of  oxygen.  (Gasoline 
is  a  carbon  and  hydrogen  compound.)  What  would  be 
the  most  likely  effect  on  the  products  of  burning  as  the 
engine  runs? 
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The  design  of  a  Bunsen  burner  does  allow  you  to  vary  the  amount  of 
oxygen  available  for  burning.  What  happens  to  the  products  of  burn¬ 
ing  when  during  a  controlled  experiment  there’s  a  decrease  in  the 
amount  of  oxygen  as  compared  to  the  amount  of  methane?  Find  out 
by  doing  the  following  steps,  A  through  C.  If  you  don’t  know  how  to 
design  an  experiment,  you’ll  need  to  do  Resource  Unit  15  before  you 
begin  Step  A.  You’ll  need  about  20  minutes  and  the  equipment  listed 
on  page  53.  You’ll  also  need  a  copy  of  the  Burning  Experiment  Form, 
a  2-page  form.  If  you  can’t  find  a  copy  in  the  classroom,  ask  your 
teacher  to  supply  one. 


A.  Use  the  Burning  Experiment 
Form  as  a  guide  for  designing 
an  experiment.  Plan  to  use  a 
Bunsen  burner  in  the  experi¬ 
ment.  Test  what  happens  to 
the  amount  of  products  of  a 
burning  reaction  when  there’s 
a  decrease  in  the  amount  of 
oxygen  available  for  burning. 

B.  When  you  finish  the  plan  (de¬ 
sign)  of  your  experiment, 
show  the  Burning  Experi¬ 
ment  Form  to  your  teacher  for 
approval.  This  approval  is 
required  before  you  proceed 
to  Step  C. 

C.  Now  do  the  experiment  that 
you  planned.  In  the  appro¬ 
priate  places  on  the  Burning 
Experiment  Form,  record  the 
data  (results)  of  your  experi¬ 
ment  and  any  conclusions 
that  you  draw.  Then  return  to 
this  activity  and  answer  Ques¬ 
tion  13-8. 


•  13-8.  When  the  amount  of  available  oxygen  is  decreased  during  a 
burning  reaction,  a  blue  flame  is  produced.  (True  or 
false.)  Explain  your  answer. 
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Equations  1  and  2  describe  what  happens  when  methane  gas  is 
burned. 

Equation  1:  2CH4  +  302  C  +  C02  +  4H20 
Equation  2:  CH4  +  202  ->  C02  +  2H20 

•  13-9.  Look  at  Equations  1  and  2.  Which  equation  better  de¬ 
scribes  the  burning  of  methane  gas  when  not  enough 
oxygen  gas  is  available? 


Incomplete  Combustion 

When  there  is  not  enough  oxygen  supplied  to  burn  a  fuel  completely, 
partial  or  incomplete  oxidation  occurs.  This  is  called  incomplete 
combustion  and  it  can  be  very  dangerous.  Incomplete  combustion 
puts  pollutants,  such  as  sooty  carbon,  into  the  air.  But  worse,  incom¬ 
plete  combustion  can  produce  other  dangerous  substances  that  lead 
to  asphyxiation.  Equation  3  shows  another  possible  chemical  reac¬ 
tion  for  burning  methane  gas  when  the  supply  of  oxygen  is  very  limited. 

Equation  3:  3CH4  +  502  ->  2CO  +  C02  +  6H20 

•  13-10.  There’s  a  product  of  burning  in  Equation  3  that  does  not 

appear  in  Equation  1  or  2.  Name  the  substance. 

•  13-11.  How  can  the  production  of  poisonous  carbon  monoxide  gas 

be  avoided  in  a  burning  reaction? 

•  13-12.  Suppose  a  fire  had  burned  for  a  while  in  a  small,  closed 

room.  And  suppose  the  fuel  for  the  fire  was  methane 
gas.  Which  of  the  above  equations — 1 , 2,  or  3 — would 
best  describe  the  chemical  reaction? 

You  probably  recognize  CO  as  carbon  monoxide,  a  deadly,  poison¬ 
ous  gas.  Because  carbon  monoxide  is  odorless,  colorless,  and 
tasteless,  it  cannot  be  easily  identified  as  a  product  of  burning.  Car¬ 
bon  monoxide  brings  on  drowsiness  and  a  headache,  followed  by 
unconsciousness,  and  then  death.  Even  small  amounts  of  carbon 
monoxide  may  damage  brain  tissue. 

•  13 -13.  Automobiles  do  not  produce  complete  combustion  of 

gasoline.  Tell  why  it  is  dangerous  to  sit  in  a  car  with  the 
motor  running  in  a  closed  garage. 
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★  13-14.  Procedures  a,  b,  c,  d,  and  e  are  not  in  the  correct  order. 

When  ordered,  they  describe  an  experiment  designed 
to  test  whether  decreasing  the  amount  of  oxygen  has 
any  effect  on  the  amount  of  various  products  of  the 
burning  reaction.  Place  the  procedures  in  order, 

a.  You  place  the  beaker  over  the  burning  candle.  The 
flame  turns  yellow  and  finally  goes  out.  A  lot  of 
smoke  (soot)  is  produced  in  the  process. 


b.  You  decide  that  if  you  reduce  the  oxygen  supply  to  a 
candle,  the  flame  will  turn  yellow  and  start  to  smoke. 
Finally  the  flame  will  go  out  after  much  of  the  oxygen 
gas  is  used  up. 

c.  You  test  the  contents  of  the  beaker  for  the  pres¬ 
ence  of  carbon  dioxide  and  water  vapor.  You  have 
noticed  the  presence  of  smoke  in  the  beaker  and 
soot  on  the  walls  of  the  beaker. 


d.  You  conclude  that  reducing  the  oxygen  supply  will 
increase  the  amount  of  soot  and  smoke,  reduce  the 
amount  of  carbon  dioxide  gas,  and  produce  about 
the  same  amount  of  water  vapor. 

e.  You  review  the  results  of  your  experiment. 
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Activity  14 

Get  Ready, 
Get  set,  Go! 


Every  chemical  change  involves  energy.  In  chemical  bonds  between 
atoms,  ions,  and  molecules,  a  form  of  energy  is  stored.  This  energy  is 
called  chemical  energy.  When  a  chemical  change  occurs,  chemical 
bonds  are  broken  and  new  bonds  are  formed  as  new  atom-com¬ 
binations  are  produced.  Formation  of  chemical  bonds  releases 
energy  to  the  surroundings. 


Explosions  and  flames  are  dramatic  examples  of  chemical  reactions 
that  produce  new  bonds  between  atoms,  releasing  large  amounts  of 
chemical  energy.  In  explosions,  the  energy  is  released  almost  all  at 
once;  in  normal  burning,  the  release  is  less  rapid  and  more  steady. 

•  14-1.  In  burning  reactions,  heat  energy  and  light  energy  are  given 
off.  Where  does  the  energy  come  from? 
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Before  new  bonds  can  be  formed,  some  or  all  of  the  bonds  for  the 
original  atom-combinations  must  be  broken.  This  takes  energy.  The 
energy  it  takes  is  called  activation  energy.  Activation  energy  is  the 
energy  needed  to  get  a  reaction  like  burning  going. 


MATCHES  ARE  CAPPED  WITH 
A  FLAMMABLE  MIXTURE. 

THE  MIXTURE  IS  DESIGNED 
TO  IGNITE  WHEN  SUPPLIED 
WITH  ACTIVATION  ENERGY 
FROM  FRICTION  AGAINST 
THE  STRIKE  SURFACE. 


1 


THE  IGNITED  TIP 
PROVIDES  ACTIVATION 
ENERGY  TO  IGNITE  THE 
WOODEN  OR  PAPER 
MATCH 


1 


wrmi 


★  14-2.  What  name  is  given  to  the  energy  needed  to  start  com¬ 
bustible  and  flammable  materials  burning? 


Have  you  ever  seen  a  jellylike  fuel  that’s  used  for  cooking?  This  fuel 
is  used  in  some  stoves  for  camping  or  in  special  pots  like  fondue  pots. 
In  the  following  investigation,  you’ll  use  this  fuel  to  find  out  more  about 
activation  energy.  You’ll  need  about  10  minutes  and  these  items: 


safety  goggles 
Sterno 
teaspoon 
metal  jar  lid 
support  stand  and  ring 
wire  gauze 
Bunsen  burner 
matches 


A.  Put  about  one  teaspoon  of 
fuel  (Sterno)  in  a  jar  lid. 
Place  the  lid  on  a  support  ring 
as  shown. 


V 
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Most  fuels  don’t  ignite  unless  some  energy  is  supplied  to  start  them 
burning. 

r  :  n 

^TYTL  Be  careful  not  to  burn  yourself. 

This  fuel  burns  with  a  pale  blue 
flame  that’s  sometimes  difficult  to 
see. 

v _ _ _ / 


•  14-3.  What  did  you  add  to  the  fuel  to  get  it  to  start  to  react  with 

oxygen? 

•  14-4.  Oncethefuel  was  flaming,  did  you  have  to  continue  adding 

heat  energy  to  keep  the  fuel  burning?  Explain. 
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The  following  equation  shows  a  rough  description  of  the  reaction  of 
burning  fuel. 

fuel  +  02  +  activation  energy  — ►  C02  +  H20  +  heat 

The  molecules  of  most  fuels  have  carbon  and  hydrogen  atoms  held 
together  by  chemical  bonds.  And  in  air,  the  atoms  of  the  oxygen 
molecules  are  also  held  together  by  chemical  bonds.  Figure  14-1 
shows  the  chemical  bonds  for  oxygen  and  propane,  C3H8,  a  common 
cooking  and  torch  fuel. 


Figure  14-1 

When  fuel  and  oxygen  molecules  are  mixed,  they  will  bump  into 
each  other,  but  there  won’t  be  much  reaction.  Reaction  occurs  only  if 
the  molecules  have  a  certain  amount  of  energy  when  they  collide — 
activation  energy.  For  the  molecules  that  have  this  activation  energy, 
new  combinations  of  oxygen  and  carbon  atoms  are  formed.  Carbon 
dioxide,  CO2,  molecules  are  produced.  And  new  combinations  of 
hydrogen  and  oxygen  atoms  are  formed.  Water,  H2O,  molecules  are 
produced.  (See  Figure  14-2.) 
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Figure  14-2 


When  a  fuel  like  propane  burns,  the  bonds  between  the  atoms  in  the 
fuel  molecules  and  the  bonds  in  the  oxygen  molecules  must  be  broken 
first.  In  molecules  with  enough  energy — activation  energy — the  old 
bonds  will  break.  In  the  investigation,  the  Sterno  was  heated  with  the 
match  or  burner.  At  higher  temperatures,  more  molecules  have  the 
energy  needed  to  begin  to  react,  to  break  old  bonds. 

Once  the  old  bonds  start  to  break,  new  bonds  can  form.  As  they 
form,  energy  is  released  in  the  form  of  heat  and  light.  The  released 
heat  energy  is  more  than  enough  to  keep  the  temperature  raised  so 
that  more  molecules  have  enough  energy  (activation  energy)  to  react. 
In  other  words,  once  started,  the  reaction  keeps  itself  going. 
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Now  let’s  look  more  closely  at  how  all  the  energy  changes  relate  to 
each  other.  Look  at  Figure  14-3.  This  diagram  shows  how  energy  is 
involved  in  the  reaction  of  two  molecules  (one  propane  and  one  oxy¬ 
gen)  during  the  burning  of  a  fuel.  The  vertical  axis  represents  the 
amount  of  energy.  The  horizontal  axis  represents  the  progress  of  the 
reaction — from  before  the  fuel  is  heated  to  after  the  products  are 
obtained.  The  curved  line  shows  the  energy  changes  that  take  place 
when  a  propane  molecule  and  an  oxygen  molecule  react. 


A  MODEL  FOR  ACTIVATION  ENERGY 
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CD 

GC 

LU 

Z 

LU 


activation  energy 


When  they  collide, 
reactant  molecules 
must  have  this  added 
energy  to  react. 


energy  contained  in  reactants 


energy  released 
by  reaction 


energy  contained 
in  products 


i 


PROGRESS  OF  REACTION 


Figure  14-3 
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Note  that  in  Figure  14-3  the  reactants  (fuel  and  oxygen)  had  a 
certain  amount  of  energy  before  the  fuel  was  heated.  Then,  when  the 
temperature  of  the  reactants  was  raised  (by  match  or  burner),  more  of 
the  reactant  molecules  had  the  energy  necessary  to  react  (activation 
energy)  and  the  fuel  ignited.  Energy  was  released  as  long  as  burning 
continued.  But  new  products  had  been  formed. 


•  14-5.  According  to  Figure  14-3,  what  energy  must  reactant 

molecules  have  in  order  to  react? 

•  14-6.  Which  have  more  energy  contained  in  their  chemical  bonds, 

the  reactants  or  the  products? 

•  14-7.  For  a  burning  reaction  to  continue,  the  reactants  must  be  at 

a  high  enough  temperature  so  that  many  of  the  molecules 
have  activation  energy.  What  keeps  the  reactants  at  this 
high  temperature? 

•  14-8.  Reactant  molecules  must  have  activation  energy  for  a 

fuel  to  ignite.  Why  then  does  burning  continue  after 
ignition? 


safety  goggles 

tongs  or  test-tube  holder 

2  sugar  cubes 

matches 

tobacco  ash 

metal  jar  lid 


A.  Light  a  match.  Using  tongs, 
securely  grasp  one  of  the 
sugar  cubes.  Hold  the  lighted 
match  under  one  edge  of  the 
cube  for  at  least  6-8  sec¬ 
onds.  Observe  what  happens. 


When  a  great  amount  of  activation  energy  is  needed,  a  reaction 
goes  slowly.  When  less  activation  energy  is  needed,  a  reaction  goes 
quickly.  If  the  amount  of  activation  energy  needed  can  be  lessened, 
the  speed  of  a  reaction  can  be  increased.  But  how  can  this  lessening 
of  activation  energy  be  achieved?  Take  a  look  at  one  case  and  see 
what  happens. 

Sugar  cubes  burn  slowly.  But  there  are  ways  to  lessen  the  activa¬ 
tion  energy  needed  for  burning,  and  thus  get  sugarto  burn  faster.  The 
following  investigation  will  show  you  one  way.  You’ll  need  about  15 
minutes  and  the  following  items: 


14-9.  Describe  what  happened  to  the  sugar  cube  in  Step  A. 


B.  Put  some  tobacco  ash  in  a 
metal  jar  lid.  Roll  the  unused 
sugar  cube  in  the  tobacco 
ash.  Coat  the  outside  of  the 
cube  with  the  ash.  Hold  a 
lighted  match  under  one 
edge  of  the  coated  sugar 
cube  for  at  least  6-8  seconds. 


•  14  -10.  Describe  what  happened  to  the  coated  sugar  cube.  Inyour 
description,  include  any  evidence  you  have  that  the  burning 
reaction  occurred  faster,  slower,  or  at  the  same  speed  than 
the  reaction  for  the  uncoated  cube. 


The  energy  of  activation  needed  to  burn  sugar  must  be  pretty  high 
because  the  reaction  was  slow.  But  when  coated  with  tobacco  ash, 
the  sugar  burned  much  faster.  Somehow  the  tobacco  ash  lowered 
the  amount  of  activation  energy  needed.  (See  Figure  14-4.) 
Chemists  would  say  that  the  tobacco  ash  acted  as  a  catalyst 
[CAT-a-list]  for  the  burning  reaction. 
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ACTIVATION  ENERGY  AND  BURNING  SUGAR 


burning  sugar  (no  ash) 


activation 

energy 


burning  sugar  with  ash 

t 

activation 

energy 


Figure  14-4 

Catalysts  are  substances  that  are  used  to  reduce  the  amount  of  the 
activation  energy  needed  for  a  reaction.  The  exact  way  in  which  a 
catalyst  acts  to  reduce  the  activation  energy  is  not  fully  understood. 

There  are  many  different  catalysts.  Some  work  with  some  reactions 
but  not  with  others.  Some  reactions  need  a  very  specific  catalyst. 
Many  of  the  special  chemical  reactions  that  occur  in  your  body  are 
catalyzed  (caused  to  occur)  by  special  substances  called  enzymes. 

★  14-11.  What  effect  does  a  catalyst  have  on  the  activation 
energy  of  a  reaction? 
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Activity  15 

Excursion 
Planning 


Activity  16  Page  69 

The  Slow  Burn 

The  best  way  to  deal  with  fires  is  not  to 
have  to  deal  with  them  at  all.  This 
activity  shows  you  how  flammable 
materials  can  be  made  fire  resistant. 


Activity  17  Page  73 
A  Watched  Pot  Boils 

Ever  boil  water  in  a  paper  pot?  A 
crazy  idea?  Well,  see  for  yourself. 
And  while  you’re  at  it,  see  what  hap¬ 
pens  to  the  temperature  of  water  be¬ 
fore  and  while  it’s  boiling. 
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Activity  16 

The  Slow  Burn 


Other  than  hair,  which  burns  easily,  the  human  body  is  not  very  good 
fuel  for  a  fire.  Unfortunately,  many  kinds  of  clothing  do  make  good 
fuel. 

Many  materials  can  be  chemically  treated  to  make  them  much  less 
easy  to  ignite  (catch  fire).  These  materials  become  fire  resistant 
(flame-retardant  clothing,  for  example).  Fire-resistant  materials  will 
burn,  but  they  won’t  ignite  easily.  They  are  nonflammable.  If  a 
material  won’t  ignite  at  all,  it  is  fireproof.  But  scientists  have  not  been 
very  successful  in  fireproofing  flammable  fabrics. 


retarpant\ 


•  16-1.  Do  you  think  it’s  important  for  chemists  to  continue  their 
research  on  making  fireproof  clothing?  Why? 


To  see  how  cloth  can  be  made  fire  resistant,  do  the  following  two- 
part  investigation.  The  first  part,  Steps  A-C,  will  take  about  30 
minutes  to  do.  The  second  part,  Step  D,  will  take  about  20  min¬ 
utes.  You’ll  need  the  following  items: 


safety  goggles 

graduated  cylinder 

water 

beaker 

teaspoon 

borax 

boric  acid 

support  stand  and  ring 


Fabric  Set 
wire  gauze 
Bunsen  burner 
matches 

tongs  or  tweezers 
paper  towels 
notebook 
asbestos  pad 
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boric  acid 


200  ml  water 


A.  Pour  about  200  ml  of  water 
into  the  beaker.  Add  about  1 
teaspoon  (5  g)  of  borax  and  1 
teaspoon  of  boric  acid  into 
the  water.  Stir  until  the  solids 
dissolve  completely. 

B.  Set  up  the  equipment  as 
shown.  Put  one  piece  of 
each  type  of  fabric  in  the 
beaker.  Place  the  beaker  on 
the  wire  gauze  and  ring  as 
shown.  Light  the  burner  and 
place  it  under  the  beaker. 
Let  the  solution  boil  for  10 
minutes. 

C.  Turn  off  the  burner.  Using 
tongs,  remove  the  fabrics  and 
place  them  on  a  paper  towel. 
Blot  the  fabrics  with  a  second 
towel.  This  will  speed  their 
drying.  You  have  chemically 
treated  these  fabric  samples 
to  be  fire  resistant. 


70  EXCURSION 


In  your  notebook,  draw  a  table  like  the  one  in  Figure  16-1.  You’ll 
need  the  table  for  recording  your  observations. 


BURNING  DIFFERENT  MATERIALS 


MATERIALS  TESTED 

UNTREATED  SAMPLE 

TREATED  SAMPLE 

1. 

2. 

3. 

4. 

5. 

6. 

Figure  16-1 

Let  the  fabric  samples  dry  overnight.  While  you’re  waiting  for  them 
to  dry,  do  something  else.  (You  may  want  to  do  another  activity  in  this 
minicourse.)  When  the  fabrics  are  dry,  do  Step  D.  Step  D  will  take 
about  20  minutes. 


D.  Select  one  type  of  fabric  from 
the  treated  fabric  samples. 
Then  select  the  same  type 
of  fabric  from  the  untreated 
fabric  samples.  Light  the 
burner.  Using  tongs,  hold 
the  untreated  sample  above 
the  burner  flame.  Repeat 
with  the  treated  sample.  If 
the  sample  ignites,  place  it  on 
the  asbestos  pad  until  the  fire 
goes  out.  Do  this  for  each 
type  of  fabric  in  the  fabric  set. 
Observe  what  happens. 


•  16-2.  In  your  notebook,  record  your  observations  in  the  table  you 

drew, 

•  16-3.  What  differences  did  you  observe  in  how  easily  the  treated 

and  untreated  fabrics  ignited  and  burned? 
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When  you  treated  the  fabrics,  you  did  not  make  them  fireproof. 
You  made  them  nonflammable,  or  fire  resistant.  A  nonflammable 
fabric  is  not  easily  ignited  and  doesn’t  burn  rapidly  when  ignited.  But 
a  nonflammable  fabric  will  burn  if  placed  in  a  direct  flame. 

There  are  some  types  of  fabrics  that  don’t  have  to  be  chemically 
treated  to  be  nonflammable — they  are  naturally  nonflammable.  Wool 
is  one  example.  However,  there  are  other  substances  that  are  non- 
combustible.  They  won’t  catch  fire — even  when  placed  in  a  direct 
flame.  Some  noncombustible  materials  will  melt,  however,  or  other¬ 
wise  change  in  appearance. 


★  1 6-4.  How  does  a  fireproof  material  differ  from  a  nonflamma¬ 
ble  material? 
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Flame-retardant  clothing  and  household  articles  are  becoming 
more  and  more  common.  The  commercial  process  for  making  things 
flame  retardant  is  different  from  the  process  you  used  in  the  investiga¬ 
tion.  The  commercial  process  is  more  complicated  and  uses 
chemicals  that  don’t  wash  out  easily.  The  laundering  instructions  for 
flame-retardant  articles  must  be  followed  carefully. 

★  16-5.  Why  should  you  follow  the  manufacturer’s  instructions 
for  laundering  flame-retardant  clothes? 

Many  clothes  are  made  flame  retardant  because  state  and  federal 
laws  require  it.  After  several  tragic  accidents  involving  flammable 
fabrics,  Congress  passed  the  Flammable  Fabrics  Act  in  1953  and  an 
amendment  to  it  in  1 967.  The  act  makes  it  illegal  for  manufacturers  to 
make  clothing  from  highly  flammable  materials.  Also,  the  act  requires 
children’s  pajamas  and  other  sleepwear  to  be  made  from  flame- 
retardant  materials. 

Unfortunately,  many  common  items  are  not  flame  retardant.  These 
items  can  burn  if  they  get  hot  enough.  Many  plastics  burn  or  melt. 
Frequently,  burning  plastic  produces  poisonous  gases.  Yet  more  and 
more  plastics  are  being  used  as  building  materials  and  for  other  items 
in  the  home. 


Activity  17 

A  watched  Pot  Boils 


If  you  put  a  piece  of  paper  in  a  flame,  the  paper  will  ignite  (catch  on 
fire).  If  you  hold  a  piece  of  paper  just  above  the  flame,  the  paper  will 
ignite.  What  do  you  think  would  happen  if  you  tried  to  boil  some  water 
in  a  paper  pot?  Would  the  paper  ignite?  Find  out.  Do  the  following 
investigation.  You’ll  need  about  40  minutes  and  these  items: 


safety  goggles 
piece  of  paper, 

20  cm  x  20  cm 
stapler 

support  stand  and  ring 
wire  gauze 


cup  of  water 
Bunsen  burner 
matches 

asbestos  glove  or  pot  holder 
Celsius  thermometer 
tongs 
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2oc«i  — ' i 


2  OClA 


A.  Fold  the  paper  as  shown. 
Staple  the  corners  to  form  a 
paper  pot.  (When  folded, 
the  pot  base  should  be  a  bit 
smaller  than  the  wire  gauze.) 


7u$r  Fold  on  T  H  £  D ottep 

LINES  INDIRECTION  oFTHE 
A  R  ROW  S» 


£ 

unfold 
AND  LAV 
FLAT. 


©  _ 

RAISE  StOES  ANDPolD 

corners  in  so  the.v 

LAY  FLAT  AGAINST 

the  sioes. 
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B.  Set  up  the  equipment  as 
shown.  Place  the  pot  on 
the  wire  gauze.  Adjust  the 
height  of  the  clamp  ring  so 
that  the  wire  gauze  is  about  6 
cm  from  the  top  of  the  burner. 
Pour  enough  water  into  the 
pot  to  fill  it  to  a  depth  of  be¬ 
tween  1  cm  and  2  cm. 


If  the  paper  scorches  in  Step  C, 
quickly  turn  off  the  burner.  Use 
asbestos  gloves  (or  hot  pads)  to 
raise  the  clamp  and  paper  pot. 
Then  repeat  Step  C. 


Move  the  burner  away  from 
the  equipment,  light  it,  and 
place  it  under  the  wire 
gauze.  Heat  the  water  until  it 
boils.  Use  asbestos  gloves 
(or  a  hot  pad)  to  keep  the  bulb 
of  the  thermometer  in  the 
water  all  the  time.  Read  the 
thermometer  about  every  30 
seconds  as  the  water  is 
heated  and  while  it  boils. 
After  the  water  has  boiled  for 
about  one  minute,  turn  off  the 
burner. 


•  17-1.  What  did  you  observe  happening  to  the  water?  The  paper 

pot?  The  temperature? 

•  17-2.  What  was  the  highest  temperature  that  the  water  reached? 

•  17-3.  What  do  you  think  the  boiling  point  of  water  is?  ( Boiling 

point  is  the  temperature  at  which  something  boils.) 

Why  do  you  suppose  the  paper  pot  didn’t  ignite?  Did  the  water 
keep  it  from  catching  on  fire?  Or  was  the  paper  pot  too  far  from  the 
flame? 
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\ 

Before  doing  Step  D,  clear  the  area 
of  excess  paper. 


17  -4.  What  did  you  observe  in 


D.  Using  tongs,  lift  the  wire 
gauze  and  paper  pot  to 
empty  out  the  water.  Use 
your  free  hand  to  keep  the 
paper  pot  from  sliding  off  the 
gauze.  Put  the  wire  gauze 
and  empty  paper  pot  on  the 
stand.  Light  the  burner  and 
place  it  under  the  equip¬ 
ment.  Observe  what  hap¬ 
pens. 

Step  D? 


•  17-5.  Did  about  the  same  amount  of  heat  reach  the  paper  pot  in 
both  trials  (Step  C,  page  75,  and  Step  D  above)?  Explain 
your  answer. 


★  17-6.  When  the  pot  and  water  were  heated,  the  paper  didn’t 

ignite.  Where  did  some  of  the  heat  go?  (Hint:  What 
happened  to  the  temperature  of  the  water?) 

★  17-7.  Once  the  water  started  boiling  in  Step  C  (page  75),  you 

^  probably  noticed  that  the  temperature  remained  about 

the  same.  About  what  temperature  do  you  think  the 
paper  was  when  the  water  started  boiling? 


The  ignition  point  of  ordinary  paper  is  higher  than  200°C.  But  as 
long  as  water  remains  in  the  paper  pot,  and  the  distance  from  the  flame 
is  unchanged,  the  paper  is  unlikely  to  catch  fire. 


•  17-8.  The  three  basic  requirements  for  a  fire  are  fuel,  oxygen  (air), 
and  high  enough  temperature  to  ignite  the  fuel.  Which 
requirement  was  not  present  in  Step  C  (preventing  the  paper 
pot  from  igniting)  but  was  present  in  Step  D  (igniting  the  pot)? 
Explain  your  answer. 
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